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Rio Tinto Announces Nukem 


10 TINTO has joined forces with the leading German 
metallurgical group, Deutsche Gold- und Silber- 
Scheideanstalt vormals Roessler (Degussa), to form 

a new company — Nukem — Nuklear-Chemie und -Metallurgie 
Gesellschaft m.b.H. 

Nukem will take over the existing research and production 
programme of the Degussa Nuklear Gruppe, which covers a 
wide range of uranium and thorium processing and fabrica- 
ting activities related to the nuclear programmes of a number 
of countries. 

Mallinckrodt Chemical Works, through its subsidiary 
Mallinckrodt Nuclear Corporation, a U.S. company 
prominent in the nuclear fuel field, is also a shareholder 
in the new company and has concluded a technical collabora- 
tion agreement with Nukem providing for exchange of 
information on the processing of nuclear fuel materials. 

Nukem will co-operate closely with Rio Tinto’s uranium 
mining interests and with Rio Tinto Dow Limited, a com- 


pany specialising in uranium and thorium processing. 





Nuklear-Chemie und -Metallurgie Gesellschaft m.b.H., Wolfgang bei Hanau (Main) 
Deutsche Gold- und Silber-Scheideanstalt vormals Roessler (Degussa), Weissfrauenstrasse 9, Frankfurt (Main) 


Rio Tinto Management Services (U.K.) Limited, Barrington House, 59 Gresham Street, London, E.C.2 
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INSTRUMEN 


PROCESSES 


SPECIAL FEATURES 
Automatic control in power producing reactors 


In the first of two articles, Mr. R. H. Campbell of UKAEA outlines the 
present approach to the problem of automatic control taking account of 
recent advances in core physics 


Nuclear power costs re-assessed 
New economic studies were recently presented at the World Power Con- 


ference and at the British Power Convention. NUCLEAR POWER reviews the 
most outstanding points 


The economic use of conventional and nuclear fuel 


In an appraisal of the most economic use of various types of power 
station, Mr. F. A. P. M. Thenussen of Shell Internationale Research 
discusses the advantages to be gained from fossil superheat 


The direct generation of electricity—2 
Mr. B. C. Lindley concludes his review of possible methods of direct heat 
conversion by examining the features of magnetohydrodynamics and the 
fuel cell 

Building the AGR 


The Advanced Gas Cooled Reactor experiment is three-quarters completed 
and will be at design power by October 1961. David Iggulden reports on 
a recent visit to Windscale 


Health physics instrumentation—4 


The fourth of Dr. D. Taylor’s articles discusses the measurement of radio- 
activity in liquids, gases and in human beings 


NUCLEAR TECHNOLOGY 


MATERIALS 
Beryllium in reactors—the health problem 


The necessary safety measures to prevent the spreading of toxic dust and 
fume are describea by Mr. R. O. R. Brooks of Harwell 


REACTORS 
Hydrogen as a reactor coolant 


Vir. P. N. Garay examines both the design problems and advantages of 
hyvdrogen-cooled reactors 


REGULAR FEATURES 


Progress in industry 
testing ‘ Dragon’ fuel elements, new radiochemical laboratories, etc. 
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stainless steel, some for withstanding high temperature conditions. They 











SHAW ROAD, SPEKE, LIVERPOOL 24 
Telephone: Hunts Cross 2121 Telex 62394 





ONE OF THE 
AUTOMOTIVE 
PRODUCTS 
GROUP 
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for a variety 
of fluids 


These couplings are made in a range of materials from aluminium alloy to 


are completely hermetically self-sealing when disconnected but auto- 
matically provide an uninterrupted flow when re-coupled. 


Our engineers, with a background of many years of experience in the design of 
coupling and hoses, are always ready to consider your problems and to make suitable 
recommendations. Leaflets giving details of self-sealing couplings and Lockheed-Avery 
flexible hoses, will be sent on application. 
Lockheed-Avery industrial hoses, types 77 and 99, and their end fittings, are available 
ex stock from any of Edmunds, Walker & Co. Ltd. branches. 


AVERY DIVISION, LOCKHEED PRECISION PRODUCTS LTD 


Telegrams: Lockheed Liverpool 24 Telex 









REGD. TRADE MARK: LOCKHEED 
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TYPE PR 2400A 


FEATURES Small panel space of 144 x 144 mm 
(approx. §}” x §}”) - Reliable null-balancing potentiometer 
system - Easily interchangeable ranges - Transistorized 
plug-in amplifier with printed wiring - Unique chart- 
winding system - High indicating speed and critical 
damping - Scale calibration for mV or all conventional 
thermocouples - Completely mains operated. 


RECORDING SECTION Strip chart, width 100 mm, 
length approx. 9 m. The chart is wound into an exchange- 
able casette. Visible length of 100 mm. After opening the 
door the chart can be pulled out over a length of 80cm. 
Chart returns automatically into the casette. 


CHART-SPEED With built-in gear box 3 different 
speeds can be selected: 10, 20 and 60 mm/h. Can be 
supplied with electro-mechanical clutch so that by means 
of external switch, chart movement can be accelerated by a 
factor of 60. 


This photograph shows the lighter weight and 
compact size of the plug-in transistor*zed amplifier. 


PHILIPS 





Miniature mV-Recorder 


MINIMUM SPAN 5 mW - MAXIMUM SPAN 250 mV 
ACCURACY 0°5°,; the accuracy can be maintained after 
exchange of range box. 

REPRODUCIBILITY 0°2°,, of span - SCALE LENGTH I00 mm. 
STABILITY 10°, mains variations have an 

influence of less than 0-1°%, 

BALANCING SPEED Less than 1 sec. for full scale 
deflection; damping critically adjustable. 


RECORDING With flexible capillary stylus supplied 
from sealed ink container mounted under measuring 
carriage. Line thickness approx. 0-3 mm. 


CONSTRUCTION Sheet-metal case in grey hammer- 
tone with all plastic door. Front dimensions 144 x 144 mm; 
depth 510 mm; panel opening 138 x 138 mm. (5}” x §?’— 
20°—5$" x $$”). 


PRODUCT OF PHILIPS, EINDHOVEN, HOLLAND 


MINIATURE REGURDER 





SOLE DISTRIBUTORS IN ULK 


RESEARCH & CONTROL INSTRUMENTS LTD 


instrument House - 207 Kings Cross Road - London « W.C.1. 


Telephone: Terminus 2877 
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Wherever information on fluid flow ts require: , 


the de Havilland POTTERMETE?! 


sets new standards of accuracy and reliabilii, 





This new turbine-type flowmeter enables major advances to be made 
in the techniques of flow measurement and control. The de Havilland 
Pottermeter is the only flowmeter which offers all these features: 


Contains only one moving part —no thrust bearings — operates with a minimum of 
maintenance at high temperatures and pressures 


Accuracy to + 0-1°, or better on repetition work, + 0-5°, or better over a 20-1 range. 
Calibration remains constant for a variety of liquids over wide flow ranges. 


No larger than the pipeline in which it is installed —may be mounted in any attitude. 


Can be supplied with indicating, recording and process control equipment — gives 
digital presentation of results. 


Can measure volumetric or mass flows. 


Models available to measure flows from 0-1 to 40,000 Imperial gallons per minute, at a 
wide range of operating pressures. Larger and smaller sizes made to order. 


Can measure flow of any liquid or gas, irrespective of its lubricating or 
non-lubricating properties, at temperatures ranging from —455°F to 1500°F. 


Manufactured as standard in stainless steel—can be made in any non-magnetic material. 


Rapid response rate permits transient flow studies. 


Write now for further details to: 


DE HAVILLAND PROPELLERS LIMITED 
(INDUSTRIAL SALES DIVISION) Hatfield, Herts 
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HAVE YOU MET THESE PEOPLE ? 


19%. In KAINGAROA, NEW ZEA- 
LAND, largest man-made forest in 
the world, where pinus radiata trees 
grow faster than anywhere else on 
earth no powered vehicle is allowed 
to enter unless equipped with an 
efficient fire extinguisher. N.Z. FOR- 
EST SERVICE has standardized on 
Nu-Swift extinguishers for all mobile 
equipment, including chain saws. 


20. BRITISH EXPORTS of | fire 
extinguishers are the highest in the 
world. NU-SWIFT exports are increas- 
ing in value continuously. Last year 
they amounted to NEARLY ONE- 
THIRD OF THE BRITISH TOTAL. 


21. In arctic SPITZBERGEN (Nor- 
wegian : SVALBARD), divided by an 
invisible iron curtain, but where 
Norwegian and Russian’ workers 
fraternise, the NORWEGIAN 
COLLIERIES of STORE NORSKE 
SPITSBERGEN KULKOMPAGNI 
are protected by Nu-Swift. 

22, THE ROYAL CANADIAN 
NAVY, which in 1947 standardized 
onthe Nu-Swift Universal Water/CO. 


Extinguisher, has placed further 
orders. 

23. HAILE SELASSIE, H.I.M. of 
ETHIOPIA, is reported to take a 


keen interest in fire extinguishers 
Nu-Swift has been approved and the 
first consignments have been sent to 
ADDIS ABABA. 


24. Narrow and winding alleyways 
in the ancient town of ST. GEORGE. 
first British setthement in now 
fashionable BERMUDA, sometimes 
prevent the Fire Brigade from getting 
close enough for effective fire fight- 
ing with hoses. Fire engines are there- 
fore fitted with extinguishers to enable 
firemen to fight inaccessible fires with 
reliable Nu-Swift. 


25. A.T.A.C., the MUNICIPAI 
TRAFFIC COMBINE of the City of 
ROME, and reputed to be the largest 
surface passenger transport organiza- 


HAVE YOU BEEN TO THESE PLACES ? 


decided, 


after 
years, to 


tion in 


Europe has 
lests extending over two 
standardize on Nu-Swift. 


26. YUGO-SLAVIAN STATE- 
OWNED CORPORATIONS are 
among the Nu-Swift customers situa- 
ted on the edge of the East-West iron 
curtain. 


27. In HELSINKI, capital of gallant 
litthe Finland, and almost within a 
taxi ride of Leningrad, the FINNISH 
POSTS AND TELEGRAPHS 
DEPARTMENT has decided to stan- 
dardize on Nu-Swift Dry Powder ex- 
tinguishers, especially suitable for use 
under SEVERE ARCTIC CON- 
DITIONS. common each winter in 
Northern Finland. Substantial orders 
have already been placed. 


28. GERMAN SHIPOWNERS also 
are now able to fit Nu-Swift in their 
ships, thanks to the approval of the 
SEE - BERUFSGENOSSENSCHAFT 
in Hamburg. 


29. At TULLN, 
presence of high ranking Austrian 
fire fighting officials, including 
BRANDDIREKTOR DUFEK, Chief 
Fire Officer of Vienna, two Nu-Swift 
Dry Powder Extinguishers, Model 
1604, bonded for 2 years for relia- 
bility tests, were recently discharged. 
They passed with flying colours and 
OBERBRANDRAT SPEIL, the offi- 
cial responsible, signed the certificate 
of approval on the spot. 


Austria, in the 


30. INDEPENDENT TELEVISION 
AUTHORITY, always in keen com- 
petition with the BBC, is determined 
that programme transmission shall 
never be interrupted through prevent- 
able causes. All its stations are now 
protected by Nu-Swift. 


31. Reputedly being let at £25 a day 
or more, NEW LUXURY SUITES 
on the top floor of the DORCHES- 
TER, London’s premier Park Lane 
Hotel, are protected by Nu-Swift. 


32. The up-to-date works of ALFA 
ROMEO, the well-known motor car 
manufacturers in NORTHERN 
ITALY, have recently been equipped 
with Nu-Swift. Crash tenders too 
have been fitted with fast and reliable 
Nu-Swift. 


33. In NASSAU, BAHAMAS, eldo- 
rado of YACHTING AND DEEP- 
SEA FISHING enthusiasts, many of 
the YACHTS are equipped with 
Nu-Swift. 


34. H.R.H. PRINCESS ~ BENE- 
DIKTE, teenage daughter of the King 
of Denmark, recently launched a large 
train ferry named after her at ELSI- 
NORE, close to the legendary home 
of Hamlet. Required urgently by the 
DANISH STATE RAILWAYS. to 
cope with increase in cross-water 
traffic, the ferry was equipped with 
Nu-Swift. 


35. The Trustees of SHAKES- 
PEARE’S Birthplace in STRAT- 
FORD-ON-AVON, conscious of the 
dollar-earning value of the Bard’s 
home, have protected the property 
with Nu-Swift. Last year the house 
was visited by over 200,000 sightseers. 


36 H.M. THE KING OF SWEDEN 
has had Nu-Swift fitted in his cars 
and other’ vehicles. On _ board 
H.S.M.S. * TRE KRONOR ” 
Sweden’s premier man of war, his 
Majesty is similarly protected. Three 
other reigning Sovereigns are also 
protected on board their yachts by 
Nu-Swift. 


37. ESSO RESEARCH, LTD. have 
equipped their new _ offices at 
ABINGDON, BERKS., ENGLAND. 
with Nu-Swift. 


38. CHRISTCHURCH TRANS- 
PORT BOARD in New Zealand, 
which puts TWO Nu-Swift extin- 
guishers on each bus, specifies that 
extinguishers must be fitted before 
buses leave England. where they are 
made. 


DISASTROUS FIRES CRIPPLE INDUSTRY, 
— only reliable NU-SWIFT 
when ft 


1960 


is good enough, fer your business! 


Ask for your copy of our new 94-page, illustrated catalogue : 
Easy-to-handle, certain-to-operate Fire Fighting Equipment 


nu-swift itd - elland - yorkshire - england 


Serving mankind in more than 70 countries 
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ALLOYS 


for the most exacting conditions 


PARSONS 
Manganese Bronze 


IMMADIUM 
High Tensile Bronze 


CROTORITE 
Aluminium Bronze 





These three metals have been produced 


to withstand corrosion, high 

temperatures and heavy stresses. 
They meet the most exacting 

conditions in industry. Available as 

extruded and rolled rods, 

bars and tubes; rolled sheets and plates: ef 


forgings, and special extruded 


shapes to customers’ designs. 


Brasses to BS 249, BS 250, BS 251 and many other 
standard specifications. 


‘The Manganese 
Bronze & Brass 
COMPANY LIMITED 


HANDFORD WORKS + HADLEIGH ROAD - IPSWICH 
Telephone: Ipswich 52127 + Grams: Bronze Ipswich + Telex: 1886 Bronzeoil 





P.4545 
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Kani SEN « i 


non “porous corrosion- -resistant 


plate, gives complete uniform 







coverage even to the 
most intricately 


Pre parts. 





to fine limits. Being chemically 
deposited Kanigen can 






also be applied to 
non-conductors 


such as plastics and ceramics. ~ at) 





Approved under DTD 900 4505 and ARB A1/5112/57. Already widely used 
throughout industry including aircraft and nuclear applications. Kanigen 
is the registered trade mark of Albright & Wilson (Mfg) Ltd. 


For full information write to: 
ALBRIGHT & WILSON (MFG) LTD 


1 KNIGHTSBRIDGE GREEN - LONDON SW1-: TEL KENSINGTON 3422 
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Specially designed for the most 












exacting operating conditions 
in the Oil Refining and Chemical 


Industries, these Gauges have be- 





come standard equipment in many 


plants throughout the World. 


DEWRANCE 
OURAGAUGE 


MADE im BRITAIN 





PRESSURE-VACUUM 

OR COMPOUND TYPES 
Manufactured by DEWRANRCE 
under exclusive licence 

Full details on request 














DEWRANCE 


GREAT DOVER‘STREET, LONDON, S.E.I. AND COMPANY LIMITED 


ee. Se? ee 4 
Telephone: HOP 3100 Telegrams: DEWRANCE LONDON 


WORKS: LONDON - BRADFORD 
DUMBARTON - HILLINGTON 





a 
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another problem solved with UNISTRUT 


Insulated enclosure for machin- 
ing 7GeV synchrotron core 
4n unusual temperature control 
problem was encountered by Messrs. 
seph Sankey Ltd. in the machining 
{336 sectors, each accurate to within 
half of one degree, which will form the 
re of the Commonwealth’s largest 
electro-magnet. When assembled, this 
vill measure 160 ft. across, yet the 
throat faces must be parallel to 
within .004 inches. 


2,700 sq. ft. Unistrut enclosure 
To ensure dimensional stability, 
lachining takes place in an insulated 
oth where the temperature has a 
maximum variation of 0.7A° C. Measur- 
ng 80 ft. x 34 ft. x 20 ft. 9 in., with 
three sliding hatches and four 20 ft. 
high Unistrut doors for introduction 
and removal of the 20-ton sectors, 
the booth consists of a Unistrut 
famework, incorporating a 27 ft. 
wuss also of Unistrut: it is clad on 


three sides with Perspex, on the 
fourth with Menotex sheeting, and 
roofed with Asbestolux. 


No interference with production 
The framework itself was rapidly 
assembled using standard Unistrut 
channels and self-locating nuts; the 
members are spaced to accept stand- 
ard sized sheets with little or no 
cutting, thus conserving material and 
reducing on-site labour costs. The 
entire installation apart from the 
hatches was completed in one week- 
end, avoiding production hold-ups. 
As the enclosure will be required in 
its present form for only twelve 
months, Unistrut’s facility for layout 
alterations is an added advantage; 
alternatively, the structure can be 
entirely dismantled and its materials 
freed for other use. 


Wide range of applications 
‘Space division’ is only one field in 
which Unistrut’srapid, rigidassembly 


UNISTRUT 


and wide component range assist 
planning and reduce on-site time and 
cost. For further information on its 
use in pipe support, electrical trunk- 
ing, instrument mounting, etc., please 
write to the address below. 


STEEL CHANNEL 
FRAMING SYSTEM 


Unistrut Division of Sankey-Sheldon Ltd. A member of the Guest, Keen & Nettlefolds Group of Companies 


43-45, Broadwater Road, Welwyn Garden City, Herts. 


UNI306 
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Rotax Recirculating Ball Threads are over 
90 per cent efficient. All ball threads and 
nuts are completely reversible, but locking 
devices can be supplied if required. Stabi- 
lised and made of special materials, they 
remain accurate indefinitely. ‘Clean’ nuts 
simplify fitment. 


SPECIFICATION 


Operating load up to 80,000 Ib. 
Standard Shaft length......... up to 20’ 








(Longer lengthscan besupplied for specific 
applications.) 


Standard Pitches....-200” -218” -250” -500” 
(Non standard pitches can be supplied.) 
Shaft diameter up to 4” 
Life 10,000,000 reversals 
Temperature range.......—90°C to + 100°C 
(usingspecial materials, temperaturerange 
can be extended up to + 950°C.) 


INDUSTRIAL GROUP, 


ROTAX 
RECIRCULATING 
BALL THREADS 


Most advanced of their kind 


-used throughout industry. 





APPLICATIONS 


Machine Tools, Printing Industry, Instru- 
ments, Industrial Valve Control, Missile 
Control Systems, Nuclear Engineering, 
Wind Tunnels, and many others. 


If you would like information on Rotax 
Recirculating Ball Threads, Linear Way 
Bearings, Switch gear, Compressors, 
Level Crossing Barriers, Electric or Pneu- 
matic Motors, please write or telephone: 


ROTAX LIMITED 





WILLESDEN JUNCTION, LONDON, N.W.10 (ELGar 7777) 
LUCAS-ROTAX (AUST.), PTY LTD., Melbourne and Sydney, Australia. 
LUCAS-ROTAX LTD., Toronto, Montreal and Vancouver, Canada. 
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This unique low background 
counting arrangement 
requires shielding weighing 
less than 500 Ibs. 

Under such conditions 
background count rate is 
below | count per minute 
while beta sensitivity is 
greater than that of 

all other Geiger Miller tubes 
of comparative size. 

Two sizes of beta end window 
tube with their appropriate 
guard tubes are available. 
Write to-day 

for further details, 


NUCLEAR POWER July 1960 





UNIQUE 

LOW 
BACKGROUND 
BETA 
COUNTING 
ARRANGEMENT 








Mullard Limited, 
New Road, 
Mitcham Junction, 
Surrey, 

England. 

Tel: Mitcham 3471 


MXR SI7 
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Don’t “* SCRABBLE ” around for your stainless steel stocks—go in 
for CASHMORISATION and make sure that you are getting the 


best available STAINLESS STEEL from STOCK SERVICE 


@ comprehensive stocks 
@ quick deliveries 
®@ rapid contact through TELEX 


CASHMORISATION is AUTOMATION in STAINLESS STEEL 
from STOCK. 


Bars 
Flats 
Hexagons 
Sheets 
Plate 





JOHN CASHMORE LIMITED 
GREAT BRIDGE - TIPTON 
STAFFS 


Tel: TiPton 2181/7. Telex: 33169 





AlD 
approved 


To specifications 


Victoria Street, London, $.W in general 
phone: ABBey 4556/7/8 use 
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EKCO ttectronies 


for Reactor Instrumentation 


Ekco Electronics have been responsible for the complete nuclear 
instrumentation of a number of reactors and have supplied instruments 
for most of the reactors built in Great Britain and throughout the world. 
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Reactor Period Meter N588 Logarithmic Gamma ont 


Health Monitor N638 





: Slow Neutron Survey 


a Seat i tae 





Shut-Down Amplifier (with start-up 
Leak Indicator Misalignment Indicator facilities and shut-down state trip) N637 
(for external heavy water leak) 1509A (for coarse control arms) 1512A Ratemeter 1463A 





Resistance Thermometer Trip Unit 





Reactor Power Error Meter N592 





Fast Neutron Head NGS 


Thermocouple Trip Amplifier N642 


ELECTRONICS LTD. 


SOUTHEND-ON-SEA 
ESSEX 


Tel: Southend 49491 
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PERFORMANGE determines 
the C.E.G.B’s choice of 
WAKEFIELD-DIGK LUBRICANTS 


; =. 
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LU 


NUCLEAR 

Nucleol is a range of oils and greases resistant to radiation. In the new 
nuclear power stations, Berkeley and Dungeness, Wakefield-Dick 
lubricants have been chosen to play a major part in the smooth- 
running generation of power. 


CONVENTIONAL 

Wakefield-Dick lubricants have been the choice in electrical genera- 
tion since the beginning of the industry. The Central Electricity 
Generating Board has grown to depend on their unfailing reliability 
and true economy in use. The latest evidence of this fact is the choice 
of Wakefield-Dick lubricants for the power stations Skelton Grange B, 
Uskmouth B and West Thurrock. 


WAKEFIELD-DICK INDUSTRIAL OILS LTD 
CASTROL HOUSE - MARYLEBONE ROAD -: LONDON, NW14 


a] A Member of the Castro/ Group of Companies 
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VERY ROBUST. Comrietely sealed 6° dia- 
meter instrument, with measuring bulb in 


:’ diameter stainless steel sheath. " British and Fore 


Patents Pending 
LOW COST. A practical and economic re- 
placement for filled systems and moving coil 
instruments send for price list. 


TRANSISTORISED, Exceptional reliability 
with a printed circuit and robust motor 
driven indicating pointer. 12 volt battery or 
mains supply. 


EASILY FITTED. Simple clamp mounting 
with robust terminals. No fragile capillary 
tubes or expensive compensating cable 


said TEMPERATURE 


ACCURATE AND RAPID RESPONSE. 
Reproductibility better than 0°25°%. on 13” 


scale, response time 1 second. 
73 TEMPERATURE RANGES in ‘F and °C 
for temperatures up to 850°C. f 


Send for Specification Sheet BIK 2/NP and Price List 






| _ ALSO : 
G see Y 
Wy \ Y ry ” 
y y “BIKINI” CONTROLLER 
Y Yj Differential 0°5°C. Includes similar 
Y / features to the Bikini Indicator. 
y 4 J Send for specification sheet BIK. 1 

Z 12 V.0.¢. MEASURING Y and price list. 
Y, POWER Yy, “BIKINI” INDICATOR /CONTROLLER 
Y REMOTE Yy i 
q SUPPLY INDICATION | j br Indicator can be supplied with an 
Y - The Indicator can be up Y adjustable control contact 
j to 300 feet away from the y for use with local or remote alarm 

measuring point Y or control relay. 

with no effect on calibra- Yj 

tion and accuracy 

J 
a 

FIELDEN ELECTRONICS LTD - WYTHENSHAWE - MANCHESTER Phone: Wythenshawe 325! (4 lines) Grams: Humidity Manchester Indicating 
ALSO AUSTRALIA, ITALY AND CANADA Branch Offices: LONDON, WALSALL, STOCKTON-ON-TEES, EDINBURGH (A. R. BOLTON LTD) Recording 
Agents throughout the world AND DUBLIN Control 
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The Dowling Damper 























T LONG LAST ... A Damper to meet with the conditions in Boiler 
A and Power Station Flues and yet require the minimum of 
maintenance. The well known difficulties of traditional arrangement 
are overcome with the Dowling Damper which provides an economical 
and reliable seal between flue sections of all sizes. It is designed and 
constructed to withstand varying conditions of temperature, gas 
pressure, acids and dust that are prevalent in Boiler and Power 
Station Flues. It can be hand operated or power driven and supplied 
with air-operated seals if required. 

Several large contracts have been successfully negotiated for new 
Electrical Power Station projects and other applications are being 
considered daily. Conversions of existing unsuccessful Damper 
Installations to Dowling-type Installations have also been undertaken 
with good results. 

Enquiries are invited for application in new Power Station projects, 
Boiler House installations and other applications in the Gas, Chemical, 
Cement and other industries where the control of hot gas and dust is 
required in ducting systems and chimneys. Write for fully descriptive 


leaflet to: 


B. Thornton Ltd. Turnbridge Huddersfield Tel 
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THE 1960 NUCLEAR POWER 
YEAR BOOK & BUYERS’ GUIDE 


NOW IN ITS 3rd EDITION 
the Nuclear Power Year Book and 


Buyers’ Guide is the only comprehensive 
publication of its kind in the world 


CONTENTS 





1 1960 Review 


An uptodate critical review of the 
British nuclear power scene, details of 
the British nuclear contracting groups 
and the electricity generating authori- 
ties, data on British reactors, map of 
nuclear energy establishments and 
power stations. 

World Authorities 

The history, organization and plans of 
all national atomic energy authorities 
and international bodies. Addresses of 
establishments and names of leading 
officials. 

Technical Data 

Articles and tables on reactor physics, 
instrumentation and special metallurgy. 
Isotope Section 

A 60-page table giving the principal 
properties of all known nuclides includ- 


ing indication of sources of supply. Pre- 
cautions to be taken in the use of radio- 
active substances. 


Company Addresses 

Titles, addresses, directors, home and 
overseas branches of nearly 2000 British 
firms supplying the nuclear energy 
industry. 


Buyers’ Guide 
Firm’s products classified under 750 
different headings. 


Trade Names 
Products identified under registered 
titles. 


Who’s Who 
Biographical details of over 600 lead- 
ing men in British nuclear energy. 





Revised from cover to cover the 3rd edition of NUCLEAR POWER YEAR 
BOOK and BUYERS’ GUIDE is essential for management, designers, 


operators and research workers in the field of atomic energy. 


Order your copy now—price £ 2.12.6 (post free) 


ROWSE MUIR PUBLICATIONS LIMITED, 


THE ROWSE MUIR BUILDING, 77-79 CHARLOTTE STREET, LONDON, W.1, ENGLAND 
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YOU COULD HEAR A PENNY DROP... 


We spread out the drawings . . . an instant of surprised silence; then that 
gratifying sound. It is usually something like “Of course! Why didn't some- 
body think of that before.” 

Why not indeed? All we have done is to make the bends in the COz pipework 
of an atomic reactor, spherical. Any schoolboy with G.C.E. physics knows the 
formula for the thickness of a pressure vessel— 

P.R. 

Ss 


So with a sphere you can halve the thickness of the plate. But that is only 





P.R. 
Cylindrical: t= . Spherical: t=4 


the beginning. Bonuses roll in. All welds become circular, can be made by 
machine and can be X-rayed easily and completely. There are no uncertainties 
—no stiffening webs, for instance, attached by welds which cannot be X-rayed 
The guide vanes are part of a lightweight duct, inside the sphere and thus 
unstressed by pressure. 

A simple and indeed an obvious idea; but it can save large sums of money 
on the cost of a power station or a wind tunnel. The fact is it is not easy to 
see the obvious; the orthodox approach, the standard answer, get in the way. 
However, some of our engineers seem to be able to do it, thank goodness. 





R 
RICHARDSONS, WESTGARTH & CO. LTD. e 


Wallsend, Northumberland and at 58 Victoria Street, London, S.W.1. 


The controlling Company of the RICHARDSONS WESTGARTH GROUP, co-ordinating the activities of :- 


THE NORTH EASTERN MARINE ENGINEERING CO.LTD. | RICHARDSONS WESTGARTH (HARTLEPOOL) LTD. 
PARSONS MARINE TURBINE CO. LTD. |THE HUMBER GRAVING DOCK & ENGINEERING CO. LTD. 
GEORGE CLARK (SUNDERLAND) LTD. RICHARDSONS WESTGARTH ATOMIC LTD. 
RICHARDSONS WESTGARTH, INC. 
ASSOCIATED COMPANY: ATOMIC POWER CONSTRUCTIONS LTD. 
RWS3 
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Gas bearing compressors— 
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totally enclosed, lubricant free—can circulate gases 
up to /00 C, 7.000 psi, without contamination 





b 
W 
STATOR WINDING 7 
l IMPELLER 3 
GAS BEARINGS GAS BEARING 


ROTOR 


WATER CONNS. 



































wa ew 
“a @ 





B Y 


One of the largest manufacturers of motive power units in 
the world, Bristol Siddeley Engines Limited produce gas 
bearing compressors. The design range covers a very wide 
performance capacity, from 0°—700° C gas operating tem- 
perature, 15—2,000 psi and 0.5—2,000-hp power input. 


These Bristol Siddeley compressors have been designed 
specifically for systems where contamination from lubri- 
cants or leakage to atmosphere cannot be tolerated. Each 
unit, fitted with hydrodynamic-type gas bearings, is totally 
enclosed and no seals are required between the impeller and 
the bearings. 


Gas bearings have several great advantages over oil-lubri- 
cated bearings: the load-carrying capacity increases with 
speed, temperature and pressure; the bearings are sup- 
ported on a film of the gas which is being circulated in the 
system, so there is no metal-to-metal contact under oper- 
ating conditions and wear and maintenance are reduced to 
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an absolute minimum; perfect cleanliness is preserved at all 
times. 
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Widest experience—greatest range 

Bristol Siddeley gas bearings were developed originally to 
meet the extremely fine limits of operating purity and pre- 
cision of nuclear engineering. But gas bearings have many 
other applications where a rotating shaft must be suppor- 
ted in such a way that no contamination and leakage can 
be allowed and where the supply of chemically pure fluids 
or gases is essential: in the textile, chemical engineering, 
pharmaceutical, food storage and processing industries, to 


name but a few. Bristol Siddeley produce a wider range of 


gas bearings than any other manufacturer and have the 
greatest experience in their design and application. 

For further information please write to H. J. Prince, 
Sales Manager, Reactor Components Division, Bristol 
Siddeley Engines Limited, PO Box 17, Coventry. 


BRISTOL SIDDELEY ENGINES LIMITED 
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Test its STRENGTH 
NEWTHERM is unusually strong and 


rigid —a feature of special importance 
in the larger, more vulnerable sections. 
Put a sample section or slab on part of 
your plant and prove for yourself its 
outstanding ability to withstand impact 


oNEWIAERN 


PM 1111 





Test its EASE OF APPLICATION 


Undoubtedly, NEWTHERM is one of the easiest of 
materials toapply. It is supplied in plastic form and ina 
wide range of standard-sized sections and slabs, smoothly 
finished and straight edged for immediate fitting. The 
finished job is very neat, with minimum joints, and 
appliers particularly appreciate the handleability of the 


and water damage. See how it with- material —especially in difficult situations. 
stands rough handling in transit and 
erection, minimising breakage in ship- 
ment and erection by unskilled labour 
at the most remote sites. 


READ ALL ABOUT NEWTHERM 


in a specially prepared booklet. Sizes, 
compressive strength, thermal conduc- 
tivity,—this and much more useful 


Test its MOISTURE RESISTANCE 
Even totally immersed in water, 
NEWTHERM retains much of its 
strength and rigidity. It does not become 
deformed when incontact with water, thus 


information can be on file if you write 
for your copy now, to the sole manu- 
facturers Newalls Insulation Co. Ltd. 





work-in-progress need not be covered. 






Especially on contracts where weather 
conditions would delay the application 
of insulation— NEWTHERM is the 
material to use. 


NEWALLs REGD BRAND 


Test its LIGHTNESS 

Unusually light for such a high- 
efficiency material, NEWTHERM 
compares favourably in this respect 
with other insulants far inferior in 
strength. Thatmeanseasier handling and 
fewer breakages—even thelargestsection 
is easily carried in one hand. 


NEWALLS (Reg’d Brand) 


NEWTHERM calcium siticate incubation 


. . . for temperatures up to 1400°F. 
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NEWALLS INSULATION CO. LTD. 


Head Office: WASHINGTON, CO. DURHAM, ENGLAND. me 

4 member of the TURNER & NEWALL ORGANISATION 
Offices & Depots at: LONDON, GLASGOW, MANCHESTER, NEWCASTLE 7 
UPON TYNE, BIRMINGHAM, BELFAST, DUBLIN, BRISTOL & CARDIFF. 


Agents and Vendors in most markets abroad 
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The AGR 19 Fuel Element Cluster 

CO) circulator, here illustrated, provides 

66 ss LA N NA 4 a4 55 for reliable and efficient cooling of nuclear 
reactors. The blower, with its 11,500 

r.p.m. motor (200V 400 c/s supply), is 

sealed within:a long pressure vessel at the 

opposite end to which the nuclear reaction 

GAS C | # C U LAT { O Nh occurs. CQO, circulates through the tube 

at 285 p.s.i. A and 95°C. The blower 

output is 6300 lb./hour at 7.5 p.s.i. 


pressure differential. A secondary radial 
B LOW E RS FO R impeller gives a cooling gas circuit via a 
demineralised water heat exchanger coil 
which keeps the motor operating at below 
75°C. 
N UC LEA - p ROJ ECTS This is but one of several gas circulating 
blowers which Plannair have designed for 
various nuclear projects. These include a 
Leaky Cartridge Test Rig Air-Blower, a 
Sodium Loop-Nitrogen Circulator, a 
Helium Circulator, Air Circulators and a 
Nitrogen Circulator for R.3 Adam, CO? 
circulator for Fuel Element Cluster 
Irradiation Test Rig, Burst Fuel Element 
Test Rig Air-Blower. 





AW 




















Ambient pressures in which these circula- 
tors are designed to work range from 
normal atmospheric to 300 p.s.i. at 
temperatures up to 350°C. Pressure rises 
through circulators extend up to 30 p.s.i. 
and mass flows through units cover a 
range up to 8000 lb./hour. 


i ed 


pincp tp pin 922 * 


Circulators are usually of the high speed 
motor driven type with specially designed 
impellers, motors being gas and liquid 
cooled. 

Zero leakage is an important feature of 
these designs. 


Further details available on request. 





PLANNAIR 
Re 


PLANNAIR LIMITED 





Windfield House - Epsom Road 
Leatherhead - Surrey 
Tel: Leatherhead 4091/3, 2231 


@ PLA39 
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MUREX “MURAFLUX A’’ forsubmerged-arc welding 


“Muraflux A” is the first of a new range of Murex 
granular fluxes for submerged-arc welding. It has 
been specially developed for the welding of mild steel 
by ali machines using A.C. or D.C. for submerged-arc 
welding. 

The flux may be used with ordinary filler wires but is 
specially recommended for use with ““Murawire W1” or 
**Murawire W2” supplied by Murex. When used with these 
wires, “‘Muraflux A” produces welds of high radiographic 
standard suitable for Class 1 work, and the flux has 


\ 7 
MUREX 


complete 


service 


been granted approval by Lloyd’s Register of Shipping 
and is accepted by the Ministry of Transport. 

**Muraflux A” is suitable for either the single pass or multi- 
pass welding of various joints in mild steel as well as plug 
welds and the building up of worn mild steel parts. Good 
penetration can be obtained and unfused flux can be re- 
covered for further use. 

“*Muraflux S.1” granular flux for the submerged-arc welding 
of stainless steel is also available with the appropriate 
Murex S.W.1 and S.W.2 filler wires. 


for automatic welding 


MUREX WELDING PROCESSES LTD. WALTHAM CROSS, HERTS. 


T.32 
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Vokes high temperature ‘Absolute’ filters 


These filters have been designed for applications 
involving very high temperatures or risk of fire— 
for example in nuclear power stations where a 
breakdown in the filtration system due to an out- 
break of fire might release dangerous toxic particles 
into the atmosphere. 


They will withstand temperatures up to 1,000°F 
and are available in standard sizes as manufactured 
for the Atomic Energy Authorities. Similar in 
appearance to the §5 ‘Absolute’ panels from which 
they were developed, Vokes high temperature filters 
have an all-glass paper filter medium with aluminium 
separators, refractory sealers and metal frames. The 

Vokes High Temperature ‘Absolute’ filters are tested efficiency of this type of ‘Absolute’ is even greater 
in accordance with BSS. 2831 on the methylene blue a see 

test rig illustrated above. Every filter is subjected to a than the very successful ‘55’ panel, giving a 
stream of air containing particles of methylene blue : f onl aes : thvl bl 
‘dust’ ranging in size from 0-1 to 0-5 microns, and re- penetration Of only 0-01, against a methylene blue 
jected if its efficiency is less than 99-99%. Vokes is the dust cloud. 

only British company which guarantees minimum per- 


formance figures in this way and Vokes filters are A booklet on Vokes special purpose air filters is 
therefore widely used in all applications which require 
scientific filtration. available on request. 


The APPROVED filter for fire resistant applications 


(Pat. applied for) 


VOKES LIMITED - GUILDFORD - SURREY 


Telephone: Guildford 62861 (6 lines) Telegrams: Vokesacess, Gui'dford, Telex. Telex: 13-535 Vokesacess, Gfd. 


Represented throughout the World. 
V.534 
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DIESEL-ELECTRIC 


MOBILE 
' CRANES 


In addition to the MORRIS Mobile Crane shown in 
the appropriate modernity of Dounreay Nuclear Power 
Station, we illustrate the 6-ton M.120, 3-ton M.60 and 
6-ton M.100 cranes. 


The capacities, types and lengths of jib available, pro- 
vide a comprehensive range of robust, reliable cranes, 
designed to fulfil efficiently most industrial mobile crane 
requirements. 


For detailed particulars write for brochure S$46/35. 


HERBERT MORRIS LTD P.O. BOX 7 - LOUGHBOROUGH - ENGLAND 


TELEPHONE: LOUGHBOROUGH 3123 
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Low neutron capture 
cross section 


High apparent density 
Good strength 


Ease of machining 


Nuclear grades of ‘‘Acheson’’ Graphite have now 
been supplied in considerable tonnages to the United 
Kingdom Atomic Energy Authority for Calder Hall A 
and B Reactors, Chapelcross, and for the new Atomic 
Stations now in construction by the Nuclear Power 
Consortia Companies. There is no doubt that the 
very high quality and moderating efficiency of 
“Acheson” Graphite have been thoroughly proved 
by full scale performance in present working Reactors. 





British Acheson Electrodes Limited, of Grange 
Mill Lane, Wincobank, Sheffield, have manufactured 
and supplied more nuclear graphite than all other 
Companies in the world. 


ACHESON 


TRADE MARK 


GRAPHITE 


The term ‘ACHESON’ is a registered trade mark 
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the Joy WNII2 stationary compressor 


The natural balance of V-design, the soft ‘wave action’ of Joy valves and the perfect 
harmony of motor and drive are some of the good design and engineering reasons why this 
compressor sustains controlled quiescence throughout the noisy factory day. Country-quiet, sentry-still 


Joy compressors are worth reading about in publication AD/6. Please write for a copy. 


AIR POWER 






7 Harley Street, London W1 


pivision 
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Prevent CORROSION 


Zinc Chromate Primer and Epilux 1.... two outstanding anti-corrosive coatings 


widely used throughout industry, protect steelwork at Bold Power Station 


ZINC CHROMATE PRIMER: Awater- EPILUX 1: This air/drying enamel is based upon 
resisting medium, ensures maximum _ Epoxy resins. It possesses remarkable flexibility and 
defence against corrosion on non-ferrous abrasion resistance. In addition Epilux | has shown 
metals. Cheaper than red lead, it spreads exceptional ability to withstand the attack of alkalis and 
further and more easily, dries faster and mild acids ... good resistance to water, excellent 
harder ; good storage life, easy to mix. In adhesion. Superior to traditional gloss paints in heavily 
yellow, green and red. chemical laden atmospheres 


ZING CHROMATE PRIMER “Ks EAU Xe 


BRITISH PAINTS LIMITED /ndustrial Maintenance Division 


PORTLAND ROAD, NEWCASTLE UPON TYNE, 2. NORTHUMBERLAND HOUSE, 303-306, HIGH HOLBORN, LONDON, W.C.!. 31, WAPPING, LIVERPOOL, | 


Belfast, Birmingham, Brist Ji ff. Glasgow, Leeds, Manchester, Norwich, Plymouth, Sheffield uthamptor f 
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* No larger than the average 
cuff-link 






k— .78” —| 


ACTUAL SIZE 








x New mechanism has mechanical life 
of at least 10 million operations 


* Three types of solder terminals available 


+ Comprehensive range of auxiliary actuators 
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BURGESS PRODUCTS COMPANY LTD, MICRO SWITCH DIVISION, DUKES WAY, TEAM VALLEY, GATESHEAD 11 
Telephone: Low Fell 75322. Telex: 53-229 London Office: 127 Victoria Street, SW1. Telephone: TATe Gallery 0251 Telex: 25601 
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Lunik IV 
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It’s a 16 ft. diameter liquid 
argon storage sphere in light 
alloy—and inside it there’s a 
14 ft. diameter sphere sus- 
pended by stainless. steel 
chains.* The interspace is 
evacuated of air and filled with 
an insulant. Not the sort of 
thing just anyone could fabri- 
cate, you’ll agree—but the sort 
of thing that Marston does 
almost every day. If you’re 
contemplating engineering, 
chemical, petroleum or nuclear 
power plant that calls for com- 
ponents to unusual specifica- 
tions, consult us at the design 
stage: our experts can con- 
tribute much to the smooth, 
speedy and economical execu- 
tion of your plans. 


*Made for: I.C.I., Billingham Division. 
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Process plant 
Bursting discs 
Pressure vessels 


Special-purpose 
machines 


Pipework 
Heat-exchangers 











in aluminium, 
titanium and other 
non-ferrous metals. 











MARSTON EXCELSIOR 
LIMITED 


A subsidiary of 
Imperial Chemical Industries 
Limited 
Fordhouses - Wolverhampton 








MAR.282 
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a full 

range of 
rugged 
industrial 
compressors 






aLGHMAN 





The large Compressor illustrated is typical of our “Comob! 
range of machines. This range covers capacities from 500 — 
2,000 c.f.m. These machines are of the double-acting crossh 
type, and are suitable for pressures up to 50 p.s.i.g. single 
stage, and 150 p.s.i.g. two stage. They are remarkable for 
their low power consumption and compact design. 

Send for Leaflet No. T29. 

The machine alongside is one of our Oil-free Range. These 
available in capacities from 100 to 2,000 c.f.m., and at all 
pressures up to 150 p.s.i.g. They are specifically designed t 
deliver uncontaminated air, and have many special features 
incorporated which make them unique in this field of 
Compressors. Send for Leaflet No. T31. 

The two smaller machines shown illustrate our ‘Uniblok’ a: 
‘Twinblok’ Range, and cover capacities of from 50 to 400 c.f 


at all pressures up to 120 p.s.i.g. These are of the single stage, 


single acting type, styled to give a neat appearance and 

are unrivalled for their low maintenance and space saving 
features. Send for Leaflet No. TI9. 

Tilghman’s have a complete range of Vacuum Pumps to offer 
in displacements from 500—2,500 c.f.m., and are capable of 
drawing 28” Hg. on a 30” Hg. barometer. 

Tilghman’s undertake the design and manufacture of special 


a 


oO 


purpose Air & Gas Compressors, Boosters, etc., and welcome 


an opportunity of quoting for complete installations. 


8, ed AIR POWER DIVISION 


Send for our 
informative 

and valuable leaflet 
on ‘Selection, 
Installation and 
Maintenance of 
Air Compressors” 





= BROADHEATH - ALTRINCHAM - CHESHIRE 


TELEPHONE: ALTRINCHAM 4242 (6 LINES) TELEGRAMS: TILGHMANS ALTRINCHAM 
A Member of The Staveley Coal and Iron Co. Ltd. Group 


7255 
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THE FIRST ALL TRANSISTORIZED ANALOG COMPUTER 


basic model less than $4000 f.o.b. New York 


This compact unit, 15’ x 16” x 24” high, can provide day-in 
day-out instant solution of your most vexing engineering pro- 
blems. Even if you have never seen a computer before, you can 
learn to operate the TR-10O as easily as you learned to use a slide 
rule. 

Simply turn a dial to feed in design parameters, and the 
computer provides an instant by instant, dynamic picture of the 
effect of each change. You can study the inter-related effects ‘of 
heat, pressure, flow, vibration, torque or any variable, and visu- 
ally compare one with the other. Engineering data comes alive- 
insight into how new designs will work is obtained easier, faster. 

The compactness, low power consumption and low voltage 
levels of the TR-10 make it the ideal nucleus for on-line computers 


FOR COMPLETE ENGINEERING DATA ON TR-10 OR THE 





for process control applications. More time is available for creative 
engineering. New ideas that were too costly to try before are now 
practicable. 

You can design virtually to perfection and have a perma- 
nent, visual record of performance before building pilot mod- 
els or prototypes. As a result, “cut and try” expense is reduced. 

The same quality workmanship and design that has made 
Electronic Associates the world’s leading producer of precision 
general purpose analog computers will be found in this new 
unit. Accuracy to +01 per cent. Modular construction allows you 
to select varying quantities of the following computing functions : 
summation, integration, multiplication or division, function gener- 
ation, parameter adjustment, logical comparison. 


LARGER PACE 231R COMPUTERS WRITE OR PHONE 


PROOUCERS OF 








ELECTRONIC ASSOCIATES INC. 43 rue de lo Science, Brussels 4 - Belgium 

EURODEAN DIVISION Tel Brussels 11 4369 ~ Telex 02-106 Pacebelg Gru Pai td 

NO TET SERIE ISNT Teyaiciel: 
ances career ees ae semen eeeeened 

ELECTRONIC ASSOCIATES LTD. Victoria Road - Burgess Hill - Sussex - England ANALOG COMPUTERS 

WORKS AND HEAD OFFICE Tet Buraess Hill 26.36 ~ Telex 8750 Pace Burgesshi 
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impalco 
impalco 
impalco 
impalco 
impalco 
impalco 


! : : Dd . ( 0) Imperial Aluminium Company Limited - Birmingham 





is backed by the unmatched commerci: 
and technical resources of |.C.I. and 
Aluminum Company of America. 


was formed by these two great 
companies to give improved technical 
and supply service to industry. 


extrudes, rolls, draws and fabricates 
aluminium and aluminium alloys. 


delivers from stock the shapes and 
sizes most in demand by British users. 


sells through the world-wide 
sales organisation of 
Imperial Chemical Industries. 


aluminium products are obtainable 
through your I.C.I. area sales office. 
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Beaver pre-loaded ball screws, up to 957 efficient, 


operate at-52°C to over 400°C with no backlash... 


RECIRCULATING BALLS 





PRECISION GROUND 
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Bristol Siddeley Engines Limited produce Beaver* pre- 
loaded ball screws. These ball screws achieve a minimum 
efficiency of 90° and they can operate within a tempera- 
ture range of —52° C to 400° C without lubrication, and up 
to 170° C when lubricated. 

Machined and ground to the highest standards of pre- 
cision engineering Beaver pre-loaded ball screws greatly 
increase transmission efficiency. They reduce the power re- 
quired for actuation by as much as 80%, when converting 
rotary drive into linear output or force input into torque 
output. By eliminating backlash, with pre-loading, they 
give precise control over very small increments of motion 
and a high response frequency. And when compared to 
conventional screw mechanisms, they provide a predictable 
operating life which is much longer, require much less main- 
tenance and give more trouble-free operation. 


Basic design application analysis 

Bristol Siddeley engineers make an exhaustive analysis of 
each specification. And each unit is specially designed for 
its particular application. Beaver ball screws are made 


I im 
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1 BRISTOL SIDDELEY 


automatically reversible or with controlled ‘“‘no-back,”’ with 
multiple or single circuits. Beaver pre-loaded ball screws 
have been proved as the most efficient method of convert- 
ing rotary into linear thrust in over 2,700 engineering 
applications in many branches of industry. They have been 
designed already with rated operating load capacities of 
370,000 lb (825,000 Ib maximum static load) but the maxi- 
mum potential operating load is, in most cases, limited only 
by the requirement. 





! Bristol Siddeley Beaver ball splines have been de- | 
| veloped to eliminate the disadvantages of conventional | 
l splines. The designs are very effective in minimising fric- | 
l tion, particularly when high torsional and bending loads | 
l are imposed during linear movement. 7 
* Complete technical and manufacturing co-operation with Beaver 
Precision Products Inc., Detroit. 

For further information please write to J. B. Starky, Sales 
Manager (Beaver Products Division), Bristol Siddeley 
Engines Limited, PO Box 17, Coventry, England. 


BRISTOL SIDDELEY ENGINES LIMITED 
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low pressure 


butterfly 
valves 










e DROPTIGHT © COMPACT 
e LOW COST 
¢ NON-JAMMING 


e SEALING BY 
AUTOMATIC INFLATION 


The reliability of this patentéd method of 
sealing has been proved in hydro-electric 
installations—after 25 years of service at 
heads up to 500 ft the original seals were still 


hdelae 


Low Pressure Butterfly Valves suitable for gases and fluids— 
including sea water. Vertical or horizontal mounting. Hand or 
power operated. Range 36 to 120 inches. Larger sizes to order. 


STAINLESS Around the periphery of the valve blade is the expanding seal. 

STEEL SEAT With the valve closed the inside of the seal is subject to pipe-line 
4 pressure. This pressure balances external pressure and prevents 
seal from collapsing away from the seating. 


ef Ne 3 
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PIPELINE 
PRESSURE 
TO SEAL 


& COMPANY LIMITED 


WATER POWER ENGINEERS 


VILLIERS HOUSE 41—47 STRAND, 
LONDON, W.C.2 
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Im!ofs new Imrak International Rak is a completely universal flexible rack system. It can carry British, 
American and Continental fixings. It packs flat for easy storage or transportation. There are five 
standard types, each made in four different heights and four different plan sizes—a choice of 80 
diferent standard raks in this new series! There is a choice of normal front panels, one-piece front 
panel or recessed front panels with removable door. Skilful design ensures an elegance of appearance 
that enhances but does not dominate the instruments. The standard hammertone finishes are ideal 
for reliability and long service; other finishes are available to special order 


Ein grosser Fortschritt im Bau von Instrumentengehausen! 


Das neue “Imrak International” System von Instrumentengehausen ergibt ein Héchstmass an Anpas- 
sunysfahigkeit. Teile britischen, amerikanischen und kontinentalen Ursprunges kénnen untergebracht 
werden. Zum leichten Aufbewahren und Transportieren flach zusammenlegbar. Ausgefiihrt in funf 
Normaltypen, jede in vier verschiedenen Héhen und vier verschiedenen Gréssen der Grundflache—eine 
Auswahl von 80 verschiedenen genormten Gehausen in dieser neuen Reihe! Ebenso steht eine Auswahl 
verschiedener Vorderwande zur Verfiigung, aus einem Stiick hergestellte Vorderwande oder riickspring- 
ende Vorderwande mit abnehmbarer Tiir. Sachkundig ausgefiihrte LinienfUhrung ergibt ein schnittiges 
Aussehen, das die Instrumente hervortreten lasst, ohne sie zu unterdriicken. Die normale Fertigung 
mit gehammerter Oberflache ist fur Verlasslichkeit und lange Lebensdauer besonders geeignet; andere 
Arten der Fertigung sind auf Sonderbestellung erhaltlich 


Grand progrés dans le developpement des ‘raks’! 


Le nouveau Imrak International Rak fabriqué par Imhofs est un systéme d’étagére flexible et 
entiérement universel. Ce systéme peut porter des montages Britanniques, Américains et 
Continentaux. Il en existe cing types normaux, fabriqué chacun en quatre hauteurs dif- 
férentes, et en quatre différentes grandeurs de plan—en tout, un choix de 80 différents 
raks normaux dans cette nouvelle série! Il y a un choix entre des panneaux avant normaux, 
des panneaux avant en une seule piéce et des panneaux avant 4 embrasure, comportant une 
porte amovible. Un dessin soigné donne lieu a un fini élégant qui fait ressortir les instruments 
san les dominer. Les finis normaux au marteau sont I|'idéal pour la sGreté et la duré. du 
fonctionnement, d'autres finis peuvent étre obtenus sur demande 


;Un gran adelanto en el diseno de bastidores! 






El nuevo Imrak International Rak de Imhof es un sistema de bastidores completamente universal y flexible. 
Se puede facilitar con montaje britan americano o cont npaqueta plano para mayor 
facilidad de almacenamiento o transporte. Existen cinco tit n 2 uno de los cuales se suministra 
en cuatro alturas distintas y en cuatro tamanos de planta distintos, ofre una variedad de 80 bastidores 
normales entre los que elegir. También se ofrece una variedad de paneles frontales normales, paneles en 
una sola pieza y paneles embutidos con puerta desmontable. Su concepciédn esmerada le da un estilo 





at tivo que realza io nstrumento in dominarlos 





abados normale 


4 al martillo son ideales por 
su seguridad y larga duracion, pero se dispone de otros acabados contra pedido especial 


imrak international series 


nouvelle! 


im. @; £1 Great advance in rak design! 


Look : 

1 Five different types— 
cubicle raks, enclosed 
raks, forced ventilation 
raks, induced ventilation 
raks, totally enclosed raks 


2 Strong, accurately- 
made framework of pres- 
sed steel gives excep- 
tional rigidity 

3 Captive nut system of 
panel mounting gives 
maximum flexibility 


4 The standard specifi- 
cation includes a host of 
special features—locks, 
quick-release and lift-off 
hinges, decorative trims, 
provision for lifting eyes 
and many more 


Beachten Sie: 


1 Fiinf verschiedene Ty- 
hause mit Ab- 
geschlossene 
, Gehause mit 
ftung, Gehause 
0 sttung, vol- 
en hl en 





2 Ungewohnlich  starre 
Bauart, erreicht durch 
Pressstahlrahmen in 
Prazisionsausfihrung 

3 Hochste Anpassungs- 
fahigkeit durch Befesti- 
gung der Tafeln mit un- 
verlierbaren Muttern 


4 Eine ganze Anzahl von 
Sondereigenheiten gehé- 
ren zur Normalausfih- 
rung—Riegel, Scharniere 
fiir rasches Freisetzen und 
Abheben, Verzierungen, 
Osen zum Aufheben, und 
noch vieles andere 


Voyez pour vous-meme: 


1 Cing types différents 
—raks 4 coffret, raks re- 
couverts, raks avec aéra- 
tion forcée, raks avec 
aération induite, raks 
complétement recou- 
verts 

2 Le chissis, robuste et 
fabriqué avec précision 
en téle d’acier emboutie, 
est exceptionnellement 
rigide 

3 Le systéme a écrou in- 
desserable du montage de 
panneau, donne une flexi- 
bilicé maximum 

4 La spécification nor- 
male comprend une mul- 
titude de caractéristiques 
spéciales—serrures, char- 
niéres a déclenchement 
instantané et amovibles, 
garnitures décoratives, 
dispositions pour hausser 
le croc, et autres 


le ofrece: 


1 Cinco tipos distintos, 
a saber, el de cubiculo, el 
cerrado, el de ventilacion 
de ventilacion 
completa- 





| 

| 

y € 
mente cerrado 
2 Un armazén de acero 
prensado, robusto y fab- 
ricado con precision, y 
con una rigidez excep- 
cional 
3 El sistema de tuerca 
mperdible que se emplea 
en el montaje de los 
paneles y que propor- 
ciona flexibilidad maxima 
4 La especificacién nor- 
mal incluye mumerosas 
caracteristicas especiales, 
tales como cerraduras, 
charnelas de accién rapida 
y amovibles, guarniciones 
decorativas, disposicién 
para ojos de izar y muchas 
mas 








Alfred Imhof Ltd. 


IMHOFS AGENTS OVERSEAS 


Australia: Aladdin Industries (Pty) Ltd, 
Stanmore NSW 

Belgium: Rogelec, Ghent 

Canada: Measurement Engineering Ltd, 
Arnprior 


Dept N7, Ashley Works Cowley 


Denmark: Tage Schouboe, 
Copenhagen N 

Finland: Oy Scienta Ab. Helsinki 
Germany: Sunvic Regier GMBH 
Solingen—Ohligs 

Holland: J. Th. van Reijsen, De'ft 


ltaly: Stuart Culley Milan 


Norway: Birger Christensen, Oslo 
Portugal: Projectos e Construcées 
Lda Lisbon 

Swen: Electroniund AB, Malmo C 
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New Zealand: |marex Ltd, Auckland C3 






NEW! 





London Showroom : 

112-116 New Oxford Street 
London WCI 

Museum 7878 


Mill Road Uxbridge Middlesex England Uxbridge 6231 


Switzerland: Walter Blum, Zurich 2/39 
U.S.A.: Bud Radio Inc, 

Cleveland 3, Ohio 

British Guiana: 

Davsons Carribbean Agencies Ltd, 
Georgetown 
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inall MAGNESIUM ALLOYS to U.K.A.E.A. specifications 





Siantacle 


Let us quote against vour requirements 











BIRMETALS LIMITED + WOODGATE WORKS -: BIRMINGHAM 32 
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For low temperature work on nuclear research 


8 tt fi Te Butterfields produce 
u er e Welded Pressure 
and Vacuum Vessels in 


LIQUID NITROGEN Stainless Steel, 
STORAGE VESSELS Mild Steel, Aluminium, 


Aluminium Bronze Alloy 











and Nickel, to any of the 


Illustrated : 

In the process of despatch . .. 
2000 gallon capacity 
Liquid Nitrogen 

Storage Vessel, 

having the 
























recognized codes. 
This includes 
the highest specification 


demanded by 
Nuclear Energy 


inner vessel fabricated 
in 18/8/Ti Stainless Steel, 
6 6" dia. by 9’ O04” long 
on the straight, and a 
Mild Steel BS14 

outer jacket 8’ 0” dia. 
by 10° 6” long 

on the straight. 


Establishments 


Standard capacities of 
300, 450, 600 and 

850 gallons. 

Enquiries for larger or 
smaller vessels can be 
also quoted for 

on request. 


WELD X-RAY : We are equipped with Butterfields @ 


Weld X-Ray plant, materials testing, 
metallurgical, chemical and microscopic 


examination laboratories. For any BRANCHES : London Tel: HOLborn 2455 (4 lines) * Birmingham Tel : EAS 087! & 2241 


i Bristol Tel: 27905 ~* Liverpool Tel: CENtral 0829 * Glasgow Tel: CENtral 7696 
required class of work. Dublin Tel: 73475 & 79745 - Belfast, N.I. Tel: 57419 & 51957 





W. P. BUTTERFIELD LTD ° P.O. Box 38 * SHIPLEY * YORKS. Tel.: 52244 (8 lines) 


For all enquiries relating to this advertisement please quote : N/P/7 
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Greater safety for hands 
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Most modern soluble cutting oils contain phenolic 
compounds used as coupling agents between the 
oil and the emulsifier, for better blending and 
easier mixing. These phenolic compounds can 
cause skin irritation, especially where modern 
high-speed machines are used and the emulsion 
can concentrate, through the evaporation of water, 
above the safety level. 

Shell research chemists have been working on 
this problem, which has been causing some con- 
cern to Management. After considerable research, 


TRIUMPHS OF SHELL RESEARCH 


Ss =With new Shell Dromus Oils 


alcoholcomplex. Thissolved oneproblem, but pres- 
ented another. The new coupling agent was volatile 
at the high temperatures normally used in blending 
processes. Further research found a solution to this 
problem by designing and installing new plant. 
The new Dromus Oils are every bit as efficient as 
before and cost no more. They put Management 
in the welcome position of being able to minimise 
working hazards at noextracost. And machine men 
need no longer be so worried about skin troubles. 
The moral of the story is that Shell research is 


Shell Dromus Oils have been reformulated and 
these new cutting oils now produce bland emul- 
sions, which considerably reduce the risk of skin 
trouble to operators. 

The real difficulty was to finda newcouplingagent 
to replace the phenoliccompounds, and Shell finally 
used what their chemists know as a higher fatty 


supremely applicational. The centre at Thornton 
is always ready to work with even the most 
specialised sectors of industry to produce the 
right oil for the job. If you and your organization 
have any major lubricating problems, it pays to 
get in touch with your local supplier of Shell 
Industrial Lubricants. 


The Research Story 


Shell chemists in the U.K., in Holland and in the U.S.A., prepared 
and examined hundreds of experimental soluble oils, and established 
that certain combinations of fatty alcohols could be used in place of 
phenolic compounds with no loss of efficiency. They set to work to 
discover the best combination and developed a higher fatty alcohol 
complex which fitted exactly. Then they realised that to blend this new 
coupling agent into soluble oils would require special plant and new 
blending techniques. 

Exhaustive testing of blend stability, emulsion stability, anti- 
corrosion and machining properties led to selection of the most 
promising blends. A pilot plant was set up to produce batches of @ 
these for use in field trials. e Heese 

‘ . This is the blending kettle. The 

This field testing and final development proceeded for two years reflux condenser beside the stirrer 
whilst production plants were erected at points so chosen as to give the mater gravetts Ge See af eon 
most economical and rapid delivery throughout the United Kingdom. 








stituents volatile at the blending 
temperature. 


new G3 oromus SOLUBLE CUTTING OILS 


another proof of Shell leadership in lubrication 
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Some recent developments in manufacturing techniques 


and special applications of tubes in a variety of metals... 





44 


NO. 11 OF A SERIES BY ACCLES & POLLOCK 


This tubular section in zirconium is 
just one example from our range of over 2,000 
different shapes and sizes. These sections 
are available in a wide variety of materials 
including mild and alloy steels, 
corrosion and heat-resisting steels, 
non-ferrous and special metals. 





Multibore tube with outer tube 
5%” diameter containing: 

(a) A ring of 31 segmental tubes. 
(b) A further ring of 16 segmental tubes 
of larger individual dimensions. 

c) Integral multibore tube with 
8 non-circular bores. 

(d) Integral multibore tube with 
7 circular bores. 

This unit graphically illustrates the 
complicated and exacting work that 
Accles & Pollock are able to undertake. 


— SG 
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® 


Designers have a habit of asking for the impossible, but in a 


surprising number of cases Accles & Pollock produce an answer Accles &Z 
that enables the production people to translate the concept on the 

drawing-board into a physical, functional form. Accles & Pollock 

welcome all such opportunities to co-operate in developing new Ime) Wee) << 


applications in the form of tubes and tubular sections. 


Technical Information Sheets discussing tubes and their applications are available on request. 


ACCLES & POLLOCK LIMITED - OLDBURY - BIRMINGHAM - A COMPANY 


Makers and manipulators of COLD DRAWN SEAMLESS and WELDED PRECISION TUBES in carbon and alloy steels, 
including stainless steel, and other metals. 





eaw/288 
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F | a Lp | N G A wide range of ** Fielding >’ Hydraulic Open Gap 


Presses is available, covering a variety of applications. 


0 U e Nn These. Presses are supplied complete with 


self-contained pumping equipment, or alternatively to 


G a p operate from an Accumulator System....Your enquiries 


p re SS Q S will receive our careful and prompt attention. 





Fielding & Platt Limited 


ENGINEERS ATLAS WORKS, GLOUCESTER, ENGLAND 
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WELDED STEEL FLOORING 


Engineers everywhere are aware of the unique design and construction of ‘ Safetread’ 
flooring—its construction has gained universal appeal as it provides the greatest 
possible strength and rigidity with a minimum use of steel, thus enabling valuable 
economies to be effected in supporting members. 

With Safetread’s welded construction, nothing can work loose or cause chattering 
through vibration—its design enables maximum light and air penetration and yet 
the danger of tools or other similar objects falling through is reduced to an 
absolute minimum. 

Write today for a catalogue of Safetread “tailor-made” flooring—amply illustrated, 
it contains deflection tables, safe-load tables, and a wealth of useful information 
for the man with a flooring problem. 


ALLAN KENNEDY & CO- LTD 


MARITIME STREET - STOCKTON-ON-TEES 


Telephones: STOCKTON 65464 (4 lines) - Grams: ‘GRATING’ STOCKTON-ON-TEES 
London Office: ABFORD HOUSE WILTON ROAD LONDON S.W.I - Tel: ViCtoria 2539 


Pat 
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QUITE 
REGULARLY — ste. it 


Special and individual requirements are our particular speciality. And we go to great 





lengths (including bending over backwards) to see a job well done— 

and to see that our customers are happy! 

Over 30 years’ experience and ‘know-how’ has been built-in to our range of over 100 
automatic control valves. People control water with them, gas with them, oil with them, 
steam with them and a host of other industrial liquids and gases too! Mushrooms are 
grown with them, jam is made with them and ships cargoes are frozen with them! 

You'll find that expert consultation and advice cost you absolutely nothing at MVC. Our 
full experience is at your disposal. Many times, what has first appeared to be impossible 
has been achieved! Why not write now for our new comprehensive catalogue No. 44 


which contains full details of our complete range! 








ae 


pees 
eae BR Sono 


MVC IS THE REGISTERED TRADE MARK OF THE MAGNETIC VALVE COMPANY LTD. 


The Magnetic Valve Company Ltd 


‘ 7 KENDALL PLACE +» BAKER STREET - LONDON - W.1. HUNTER 1801 
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A Vital contribution to Atomic Power... 
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“WANDLESIDE” 


ARMOURED 
CABLE 
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CALDER HALL | 


Photo by courtesy U.K. Atomic Energy Authority 


With the advancement of Atomic 
Power, cables must play an important 
part in the efficiency and reliability 
in the production of Nuclear Energy. 
Only the best is good enough and Wandleside 


Cables are eminently suitable. 


CABLES | for Nuclear Energy 











WANDLESIDE CABLE WORKS LTD. 106 GARRATT LANE WANDSWORTH LONDON, S.W.18 
One of FALKS Group Telephone: VANdyke 7544 (5 lines) Telegrams: Wandleside, London 
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MILD STEELS, 
STAINLESS STEELS, 


and 


ALUMINIUM 
ALLOYS 








WE ALSO SPEGIALISE IN 


DISHED AND FLANGED ENDS 
MAX.DIA.24" MAX. THICKNESS 2” 
Made to suit Customer's 
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BUTTERS 
DERRICK 
CRANES 


TWO 30-TON 2-MOTOR 
ELECTRIC DERRICK CRANES 
WITH JIBS 120 FT. LONG 


Ww, 


Lifting capacity is 30 tons at 90 ft. radius 
and !|2 tons at the maximum radius ot 
116 ft. 

The cranes are erected on towers 80 ft. 
and 50 ft. high respectively. The towers 
are mounted on bogies with rail wheels 
set to standard gauge. 
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S&L PIPEWORK FOR 
BRITAIN’S NUCLEAR POWER 


It is becoming general for many compon- 


ents for nuclear plants and other forms of 


construction to be assembled under entirely 
dust free conditions. 


To meet the requirements of the nuclear 
age S & L have constructed a special ‘clean 
conditions’ plant at their Tollcross Works 
in Scotland. This new plant is probably the 
largest and best equipped in industry and 
comprises many important features, in- 
cluding fully filtered and heated air, a large 





assembly area, together with cleaning and 
protection facilities. 

An example of the work assembled in this 
shop is the control rod standpipes for 
Hunterston nuclear power station. The 
standpipes shown in the _ illustrations 
accommodate boron rods and house the 
small bore burst slug detection piping. 

S & L will be pleased to discuss any prob- 
lems associated with clean conditioning of 
industrial components, 


STEWARTS AND LLOYDS LIMITED 


Glasgow - Birmingham - London 


S&L 


\ 


ee 





‘Trilac’ dipping and 
vacuum cleaning department of the 
“CLEAN CONDITIONS’ PLANT 


STATIONS 
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There is 
\\( met I) No here EASILY BENT TO SHAPE 


IMMUNE FROM THERMAL SHOCK 
AND MECHANICAL DAMAGE 


, ~ SMALL OVERALL DIAMETER 
for every industry permits use in restricted spaces allowing simul- 


taneous readings at different points, where normally 
only one conventional type could be sited, and 


where temperature general 
NO ADDITIONAL PROTECTIVE 
h si b ™ d SHEATHING REQUIRED 
as to e measure RAPID RESPONSE RATE 
comparable with that of mercury-in-glass thermo- 
Approximately 900 ‘Pyrotenax’ thermocouples, with meter. 


‘Pyrotenax’ 2 and 4 core copper-constantan compensat- LONG LIFE 
ing leads and standard 7 core cables, were installed for 


INEXPENSIVELY REPLACED 


they may be used at temperatures far in excess of 
reactor where these photographs were taken. The cogent those normally permitted for economic operation 


power and temperature instrumentation in the atomic 


reasons for specifying ‘Pyrotenax’ thermocouples on a 


job like this are equally valid in many industrial applica- PERFECTED BY EXPERIENCE 


tions—as manufacturers of resins, paints, plastics, p iatwitee 
textiles, colour and chemicals, and a host of other \ I 

products have discovered, for ‘Pyrotenax’ thermocouples m.i. THERMOCOUPLES 
possess all the qualities listed on the right. 


The use of the trade name ‘Pyrotenax’ is exclusive to the product 
of this Company and its associates 


PYROTENAX LIMITED HEBBURN-ON-TYNE *+ Tel: Hebburn 83-2244/8 


LONDON : ViCtoria 3745 + BIRMINGHAM: Midland 1265 + MANCHESTER: Deansgate 3346/7 + LEEDS: Leeds 27826 + GLASGOW: City 364)2 - CARDIFF 23689 
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ALUMINIUM, ALUMINIUM 
ALLOYS. FULL RANGE of 
ad oe. ee, © ee CO oe oe 
including the NIMONIC 
RANGE, STAINLESS STEEL, 
TITANIUM, NICKEL, LOW 
0S O . en we oe | 
ALLOY~STE EES. 


Manufactured to 
customers own specifications 


and withia HIGH STANDARD 
of WELDING approved by 
A.I.D., A.R.B. ADMIRALTY and 
LLOYDS. 

= 


UNIVERSAL BOILERS AND ENGINEERING CO. LTD 


FULLEDGE WORKS _ BURNLEY LANCASHIRE - ENGLAND 
TELEPHONE: 3121/2 and 3203 Burnley (3 Lines) Grams: ‘UNIVERSAL’ Burnley 


Associated with BURNLEY AIRCRAFT PRODUCTS LTD Fulledge Works, Burnley Tel: 3121/2 
also Grosvenor St. Stoneyholme, Burnley Tel: 3184 and Britannia Works, Queensgate Burnley Tel: 4102 
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WALKER’S HELP KEEP 
BRITAIN’S LEAD IN 
NUCLEAR POWER 
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WALKER’S 
‘LION’ 


CHEVRON 
& 
TWINSET 


Packings on 4,500 ton press 


The illustration above shows this giant plate press 
built by Messrs. Fielding & Platt. 
Walker’s packings are used throughout a 4,500 

ton hydraulic plate press at Whessoe Ltd., 

Darlington. Possibly the largest of its type in Free technical literature on 
the world, it was designed specially for the Walker’s ‘Lion’ Chevron and 
shaping of spherical pressure vessels for atomic Twinset packings, which are giv- 
power stations. The pressure vessels (made 8 such outstanding service on all 
from well over 1,000 tons of steel) have walls és of presses throughout the 
up to 4 inches thick which are pressed from CARI, COED Se Sed ee Sage, 
plates weighing up to 10 tons. 


James WALKER & CO. LTD. 
‘LION’ WORKS, WOKING, SURREY, ENGLAND 
Telephone : Woking 2432 (Telex. 8521 ). Telegrams : ‘Lioncelle Woking Telex’ 
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TOKAI-MURA 


At Tokai-Mura, 70 miles north-east of Tokyo, The General 


Electric Company Limited of England is to build Japan’s first 
nuclear power station. This 150 MW station will be powered 
by a single gas-cooled graphite-moderated reactor of the same 
basic type as the two which are being built by G.E.C. at ] 
Hunterston in Scotland. In producing a design to ensure the 
safety of the installation even under severe earthquake con- 
ditions, G.E.C. and her associate Simon-Carves Ltd., have 
brought to bear the results of much experimental work. For 
example, models of the pressure vessel mounted on a sup- 
porting skirt were subjected to horizontal loads such as would 
arise from earthquake shock. 

Unique protective devices will be provided capable of effec- 
tive operation even if the core should be severely damaged. 
In addition to the normal control rod system there is a unique 
arrangement of boron steel bals which would be released 
into the channels in the core by seismic pick-ups outside the 


station or by displacement of the pressure vessel, the core 


itself, the grid or various other critical parts of the reactor. 





&GC HB ATOMIC ENERGY DIVISION 


THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND, ERITH, KENT 


AND SIMON-CARVES LTD 
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VIE WP OIN TS letters to the Editor 


Closed-cycle gas-cooled reactor Atkins’ views on this point are influ- gas turbine has been used on ship- 





SIR: This is a reply to the letter, 
appearing in the April issue of 
NUCLEAR POWER, from Captain H. F. 
Atkins concerning the closed-cycle 
gas-cooled reactor (MGCR) for ship 
propulsion and the erroneous conclu- 
sions set forth. Presumably this was 
because the writer did not have all 
the pertinent facts about the MGCR 
available to him before preparing his 
criticism. For instance, the moderator 
used in this reactor design is beryl- 
lium oxide and not graphite. 

Captain Atkins questions the ability 
of the plant to maintain efficiency 
over the 50 to 100% load range. As 
he surmises, the load change in the 
MGCR is to be met by changing 
pressure levels in the circuit with the 
compressors and their drive turbine 
turning at constant speed. At part 
load with a fixed pitch propeller, the 
operating point of the power turbine 
will move toward higher torque and 
lower rpm. This mode of operation 
will result in a loss of approximately 
two efficiency points at 50% load as 
compared to approximately five points 
efficiency loss by a conventional steam 
plant at the same rating. The use of 
a controllable pitch propeller will per- 
mit the power turbine to run at match 
speed. Efficiency can thus be main- 
tained over a range limited only by 
accumulator capacity. 

Rapid start-up and load change are 
made possible in the MGCR by the 
process of adjusting the working fluid 
pressure level in the circuit. The pro- 
cess is exactly that described by 
Captain Atkins, but we see no rea- 
son to share his concern about com- 
pressor surge. Simulator _ studies 
indicate that the plant can be taken 
from 20% to 85% toad, or vice versa, 
in ten seconds without approaching 
compressor surge. One of the results 
of using helium as a working fluid 
is that its low density ratio through 
the turbomachine components makes 
the compressors act like water pumps 
with regard to stable range. This 
characteristic of helium also influences 
the ability of the turbines to operate 
out of match with only a small effi- 


enced by experience with air com- 
pressors. 

The large thermal capacity of the 
MGCR core does not act against 
rapid power changes because the fuel 
has been essentially separated from 
the moderator. The initial after-heat 
on shutdown produces a temporary 
rise in fuel element temperature; then 
subsequently the heat generated in 
the fuel elements is transferred to the 
moderator by radiation. 

‘Simplicity’ is a relative term. If 
Captain Atkins thinks the MGCR cir- 
cuit diagram is complicated, we sug- 
gest that he compare it with the 
diagrams of other nuclear power 
plants or, for that matter, a conven- 
tional steam plant. A model of the 
MGCR was constructed which shows 
the auxiliary systems required, in- 
cluding helium storage, helium purifi- 
cation, emergency cooling, sealing, 
lubricating oil and water circulatine 
systems. It is worth noting that the 
MGCR requires fewer auxiliary sys- 
tems than most other nuclear marine 
power plants. We believe we have 
solutions to the shaft seal problem. 
Incidentally, there are only two shaft 
seals rather than eight as mentioned 
by Captain Atkins. The anticipated 
helium leakage is not more than two 
inventories per year. Based on an 
arbitrary system leak rate which is an 
order of magnitude greater than sys- 
tems with which we have experience. 

We do not believe Captain Atkins’ 
dire predictions for graphite; in any 
case graphite is not a factor in the 
MGCR; graphite is not used in this 
system. Both the moderator and re- 
flector in the MGCR are beryllium 
oxide, a material which is inert to 
air and will permit air cooling in 
emergency. 

As to the statement that the gas 
turbine has made little progress in 
marine propulsion, the tanker Auris 
turned in an excellent performance 
record and the converted liberty ship 
John Sergeant made fourteen trans- 
Atlantic round trips with nearly 
10,000 operating hours at a power 
plant availability of 99-7%. 


board is scarcely valid. Progress is 
made by applying improvements. 
Since writing his letter Captain 
Atkins has had an opportunity to 
visit General Atomic and become per- 
sonally informed about the facts stated 
above. However, we felt it necessary 
to make this reply in order that your 
readers not be left with any erroneous 
impression about this promising new 
development. 
General Atomic, 
San Diego 12, 
California 


W. C. MOORE 
MGCR Project 
Manager 


Teaching reactors 


SIR: I would like to support the 
views put forward by your corres- 
pondent, R. G. Scurlock, in the June 
issue where he justly criticizes the 
usefulness of low power research re- 
actors as pedagogical aids. 

A simulator, together with a sub- 
critical reactor and neutron genera- 
tor, as opposed to a_ radioactive 
source, form an almost ideal com- 
bination. A great variety of experi- 
ments can be performed with each of 
these three items and if the simulator 
has facilities for computation, theor- 
etical calculations can be checked 
using a suitable lattice in the sub- 
critical facility. 

The cost of the lowest priced re- 
search reactor is nearly three times 
more expensive than the simulator 
and sub-critical reactor, excluding the 
cost of special buildings and shield- 
ing which would probably be required 
for a research reactor. 

It is noteworthy that several British 
universities and the Royal Naval Col- 
lege at Greenwich have adopted the 
sub-critical reactor and pulsed neu- 
tron generator together with a simula- 
tor for their nuclear engineering 
laboratories. 

Miles Hivolt Limited, K.S. BURGESS 
Shoreham, Sussex 


We regret that an omission was made in 


Dr. Scurlock’s letter. The second sentence 
should read: Z/t is claimed that these reac- 
tors provide adequate teaching and research 


facilities. . . . 


ciency penalty. Perhaps Captain The objection that no closed cycle 
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The new programme 


THE RECENT White Paper on nuclear power merely states 
officially what has come to be accepted as a fact within the 
industry. As this journal has pointed out, the rate of order- 
ing nuclear power stations recently has been so low that, 
without a very sharp increase, the target of 6000 MW by 
1966 could not be reached. It is clear that a top-level 
decision to slow down the programme was made some time 
ago, and it might well be asked why the industry was left 
in a state of uncertainty for so long. It is also clear that 
United Kingdom fuel policies have become something of 
a joke. 

A nuclear power programme was announced in 1955 and 
industry was urged to help develop the new technology. In 
1957 the programme was trebled; later that year it was 
cut down, and in 1960 it has been reduced still further. 
Meanwhile the coal industry, after a long struggle to in- 
crease output, has for some time now been making strenu- 
ous efforts to reduce it, and the oil companies have seen 
power stations built for coal, converted to burn oil, and 
then converted back again for coal. Recriminations will 
serve a useful purpose if the present system of alternately 
driving with the accelerator and the brake hard down in 
one industry or another, gives way to a more rational rate 
of progress. 

The long-term effects of the slow-down in the nuclear 
power programme are incalculable. With fewer home 
stations on which to recover the cost of research, com- 
panies will certainly spend less. Nor will the atomic energy 
industry alone be affected. By learning to meet the stringent 
specifications associated with atomic energy work, by 
developing new materials, and by coping with problems in 
fields as diverse as measurement and construction, British 
companies acquire skill and knowledge useful in other 
branches of engineering. 

Each of the various decisions in the last five years was 
probably very wise in the context of a time scale of half- 
a-dozen years or so, but we must plan further ahead than 
this. In a competitive world, the manufacturing country 
which crimps its expenditure on new technologies will, in 
the long run, regret it. 


Industry with a future 


THE OPENING by Sir Roger Makins of the new Isotope 
Information Bureau at the London headquarters of the 
United Kingdom Atomic Energy Authority was another 
Step in the Authority's energetic drive to sell more radio- 
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isotopes, following soon after the official opening of the 
new Wantage and Amersham laboratories. The turnover for 
1959, which reached the impressive total of over £1 million, 
was greater than that for the USAEC by about a quarter, 
and 60% of this goes overseas, Canada, France, Western 
Germany, USA, Japan and Sweden being our biggest 
customers. 

In spite of the established value of isotope methods of 
automation and control of manufacturing processes, only 
15% of our sales goes to industry. Yet a recent survey has 
estimated that for an expenditure of £100,000 the saving 
to industry has been £1 per £1000 of turnover, or nearly 
£4 million per annum, and this estimate erred on the 
cautious side. American estimates have given a saving of 
£78 million and, according to Soviet estimates, the broad 
introduction of isotopes into industry there could result by 
1965 in a saving of 4000 to 5000 million roubles (£350 
million). 

In Western Germany, one of our best customers, indus- 
trial usage of radioisotopes has doubled in one year, to 
over 500 customers. In Great Britain, there are some 700 
users but a large number still remain in some sectors of 
industry who seem to be reluctant to take up the promis- 
ing applications offered. This may be explained away by 
the suggestion that there is still a hard core of conser- 
vatism prevailing, one that is not particular to this coun- 
try alone. In the USSR, according to the Soviet isotope 
chief Savitsky, many engineers and industrial men are 
still afraid of radioisotopes. 

The most successful methods for introducing to the 
public and management the benefits that can be derived 
from applications of radiation are the problems that face 
the Atomic Energy Authority. They have gone part of 
the way by distributing publicity literature, making films, 
organizing courses for industrial executives and visiting 
some half-dozen industrial areas with their travelling exhi- 
bition. More needs to be done, however, for people soon 
forget. Good permanent exhibitions need to be established in 
the main industrial towns and staffed by qualified persons 
who could also lecture at schools, technical colleges, rotary 
club meetings and the like. After all, the Authority's 
expenditure on this aspect of its work is still relatively 
modest and it could be increased, possibly with some finan- 
cial help from the British Council for Productivity, the 
local Chambers of Commerce and other organizations con- 
cerned with the promotion of industry. A service to 
management could be made in the form of the regular 
compilation and publication of precise economic analyses, 
possibly through the Federation of British Industries or 
the Institute of Directors. This is the language that industry 
understands. 
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the applications of Ermeto 
high pressure couplings 
are practically unlimited 


Ermeto high pressure couplings are specified by 
many leading manufacturers because of 
their proven reliability under arduous conditions. They are 
availabie in mild and stainless steel, brass and aluminium alloy 
Couplings, vaives and flexible hose are supplied in 
a wide range of standard fittings. Non-standard 
fittings can also be made to meet your specifications. 
Technical information and our illustrated catalogue 


are freely available on request. 


BRITISH ERMETO CORPORATION LTD 


HARGRAVE ROAD - MAIDENHEAD - BERKS - TELEPHONE: MAIDENHEAD 5100 
A member of the ALENCO Group of Companies 


ERMETO 
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UK Nuclear Power Programme is cut 


London: With the order for the Dun- 
geness 500 MW station due to be placed 
in a few weeks time, the Government has 
issued its long-expected announcement of 
a slowing down in Britain’s nuclear 
power programme. The revised plan now 
envisages the commissioning of one sta- 
tion a year to give 5000 MW of capacity 
in 1968 instead of the 5000-6000 MW for 
the end of 1966 as outlined in 1957. 
The reasons for the change are briefly: 
(1) coal is now plentiful; (2) oil supply 
prospects have improved; (3) the cost of 
power from new conventional stations 
has fallen; (4) the cost of money has 
risen, which has told against nuclear 
power due to its higher capital outlays. 

This new rate of ordering will reduce 
by some £90 millions, allowing for more 
conventional stations, the cost of nuclear 
power stations to be commissioned during 
the next seven years, However, Sir Roger 
Makins, chairman of the UK Atomic 
Energy Authority, at a press conference 
here on the Government’s White Paper 
‘The Nuclear Power Programme’, said 
that the AEA had geared its effort to the 
1957 programme. Therefore there would 
be some problems of over supply, par- 
ticularly in the raw material field. The 
consequent loss would be substantial, 
probably some millions. 

Sir Christopher Hinton, chairman of 
the Central Electricity Board, at the 
same press conference, said that under 
the old programme (1957), the CEGB 
would have had 4475 MW of capacity 
by 1966. Its share under the revised 
programme would be 3175MW._ Sir 
Christopher added that he expected the 
first order for an Advanced Gas-Cooled 
Reactor to be placed about*two years 
from now, but this plan had to be re- 
garded as flexible. It was a great mistake 
to imagine that there was no future for 
the Calder-type station. The trend was 
towards a lowering of capital costs and 
increased efficiency. He thought the 
CEGB would order a number more, with 
perhaps overlapping orders for the 
Calder-type and the aGR. Asked whether 
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the revised programme would be suffi- 
cient to keep the consortia fully occu- 
pied, the Minister of Power, Mr. Richard 
Wood, replied: ‘I am convinced that 
the programme is perfectly adequate for 
the health of the consortia and in fact 
this was one of the most important con- 
siderations in our minds ’. 

The White Paper itself says: ‘* The 
proposed rate of ordering means that at 
any time there should be five or six sta- 
tions in various stages of development 
from design to commissioning. This 
should fully maintain the rate of develop- 
ment of our nuclear technology and 
should also sustain a nuclear plant in- 
dustry capable of competing for overseas 
business and of expanding to meet the 
higher level of our own future needs °. It 


the month in atomic energy 


adds that the AGR experiment is nearing 
completion and the placing of an order 
for a commercial scale AGR will be con- 
sidered when sufficient information is 
available. 

At present, five nuclear power stations 
are being built in the _UK—Berkeley, 
Bradley, Hinkley Point, Trawsfynydd and 
Hunterston—and tenders are being con- 
sidered for two more—Dungeness and 
Sizewell. These seven stations will have 
a total capacity of approximately 3000 
MW. In addition an application for a 
site at Oldbury (a 500 MW sstation) is 
under consideration. More conventional 
power stations will be needed to fill the 
gap caused by the extension of the 
nuclear power programme date and in 
the late 1960’s there will be an additional 
need for about five million tons more 
coal or the equivalent than if Britain 
had kept to the 1957 programme. There 
are no plans at present to increase the 
use of oil in power stations. 








SOVIET ATOMIC ICEBREAKER IN SERVICE The ‘Lenin’, the USSR’s nuclear- 

powered icebreaker, seen before she sailed from Murmansk at the head of her 

first convoy of merchant ships, leading them through the Arctic ice from that port. 

Reports indicate that the reactors and whole power system are working perfectly 

and that the safety shielding has proved completely effective. This 16,000 ton vessel 

is powered by three pressurized water reactors and develops 44,000s.h.p. It 
should be able to stay at sea for a year without refuelling 
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No problems met over UK-US 
nuclear agreements 

London A review of the US-UK agree- 
ment for cooperation in the civil uses of 
nuclear energy was undertaken during 
the recent visit to the United States by 
Sir Roger Makins, chairman of the UK 
Atomic Energy Authority. 


Sir Roger Makins 
Very satisfactory 





Sir Roger told NUCLEAR POWER: ‘I 
reviewed with the AEC the working of 
the agreement which we have both in 
the military and civil field and I find 
that both are working well and to the 
mutual satisfaction of both sides. There 
was no issue of any magnitude to dis- 
cuss. I find it very satisfactory.’ 

Sir Roger went to Washington at the 
invitation of Mr. John A. McCone, chair- 
man of the USAEC to confer with mem- 
bers of the AEC, the Joint Congressional 
Committee on Atomic Energy and to 
visit a number of nuclear establishments. 
He also visited Canada when he went to 
the Chalk River establishment and spent 
a day in Ottawa. 

Soon after his return, Sir Roger left 
on a two day visit to Denmark as the 
guest of Professor Niels Bohr, chairman 
of the Danish Atomic Energy Commis- 
sion. He visited the research establish- 
ment at Riso and had talks with the 
Minister in charge of Atomic Affairs. 


@ United Kingdom Coal output in the 
UK this year is estimated at 195 million 
tons against total demand, including ex- 
ports, of about 196 million tons. 


UK chemical licence agreements 


London Under collaboration and licence 
agreements signed between the UK 
Atomic Energy Authority and W. J. 
Fraser and Co. Ltd. and Nuclear Chemi- 
cal Plant Ltd., the AEA provide, in 
return for royalties: a licence to the 
companies under the Authority’s wide 
patent cover in the nuclear chemical field; 
general advice on technical problems; 
assistance in commissioning and special- 
ized training relating to the particular 
plant to be built by the companies; fur- 
ther training when required of the com- 
panies technical staff and information on 
current and future significant work in 
the field (see Business News, this issue). 


Dragon contract for Parsons 


London A contract for the design, 
manufacture, development and testing of 
a seven-fuel experiment following as 
closely as possible the fundamental 
design of the core structure of the OEEC 
Dragon High Temperature Gas-Cooled 
Reactor project, has been awarded to 
C. A. Parsons & Co. Ltd. (see Progress 
in Industry this issue, Page 101). 

The plant is to be built in the Heat 
Laboratory of the firm’s nuclear research 
centre. Tests, extending over several 
years, will include experiments with 
helium. 


@ France A plant using sintered cer- 
amics for fuel cans for heavy water 
moderated reactors is to be built near 
Bordeaux by Compagnie des Etudes et 
de Réalisations de Combustibles Atomi- 
ques. 


IAEA on long-term need for nuclear power 


Vienna The long-term need for atomic 
energy as a source of power remains as 
great as ever, says the annual report of 
the International Atomic Energy Agency. 

The report adds that the development 
of the ‘new technology of generating 
power from nuclear energy must be 
expected to present numerous practical 
problems, the solution of which will 
depend on progress in quite separate 
branches of science and industry. Thus 
new advances in metallurgy or elec- 
tronics in the next few years may result 
in important economies in the production 
of nuclear power (a decline in the cost 
of nuclear fuels is also possible). 

‘If there has been some deferment of 
short-term expectations, it is probably 
because earlier appraisals under-estimated 
the seriousness of the technological prob- 
lems and were unduly influenced by 
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transient economic and political factors.’ 

Other points from the report, which 
covers the period April 16, 1959 to 
April 15, 1960, are: 

Studies: Under the present programme, 
studies are being made of different types 
of power reactors, particularly with 
reference to their cost and technical per- 
formance and of the special requirements 
for reactors for use in the less devel- 
oped areas of the world. At the same 
time, nuclear power prospects in certain 
specific areas are being assessed from 
the economic point of view. 

Safety: In the field of radiation safety, 
the Agency is developing a comprehen- 
sive series of regulations covering the 
use of radioisotopes, transport of radio- 
active materials, operation of reactors 
and the containment and disposal of 
nuclear wastes on land and in the sea. 





e France The constructor for the 

MW power station at Chooz has not 
been chosen, it was stated at the in 
gural meeting of the Societe d’Ene: 
Nucleaire Franco-Belge des Ardenne 


e IAEA A five day international se 
nar on codes for reactor computati 
held in Vienna was attended by nez 
100 experts from 20 countries. 


@ IAEA The Board of Governors 
decided to submit for approval to 
General Conference principles and p 
cedures for safeguards against milit 
use of materials or facilities made ava 
able or through the IAEA. 


IAEA studies waste disposal 


Vienna The release of highly radi 
active wastes into the sea cannot be 
recommended, though low and _ inte 
mediate activity wastes can be disposed 
of in this manner under controlled and 
specified conditions. This is a conclusion 
reached by an international panel of 
experts sets up by the International 
Atomic Energy Agency. 

The eleven-man panel recommended 
that all radioactive wastes disposed of 
into the sea, with the exception of those 
incidental to the operation of nuclear 
powered ships, should be released in 
designated disposal sites in conformity 
with specified conditions. 





SWEDISH REACTOR GOES CRITICAL 
Latest picture of the building housing 
the Swedish R-2 materials testing re- 
actor, which went critical recently. 
Located at the research centre at 
Studsvik, 60 miles south of Stockholm, 
the 30 MW light water moderated and 
cooled reactor is one of the most 
powerful research and test reactors 
designed for commercial application. Its 
facilities were designed by Allis- 


Chalmers Manufacturing Company 
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WEST GERMAN REACTOR NEARS COMPLETION The domed steel cylinder 

(centre) which will house the reactor for West Germany’s 15 MW plant at Kahl 

in position at site. The station, using a single-cycle boiling water reactor supplied 

by International General Electric, is scheduled for operation late this year. It is 

being built by the Allgemeine Elektrizitats-Gesellschaft (AEG) and will be owned 

by Rheinisch-Westfaelisches Elektrizitatswerk (RWE) and Bayernwerk AG. A joint 
company has been set up by these two firms to run the plant 





Knighthood for Schonland 


London Featured in the Queen's Birth- 
day Honours List are Mr. Basil Schon- 
land, Director of the Research Group, 
UK Atomic Energy, and Mr. Gordon 
Sutherland, Director of the National 
Physical Laboratory, who both become 
Knights Bachelors. Also honoured are 
Mr. Owen Francis, Under-Secretary to 
the Ministry of Power, and Mr. James 
McPetrie, Director General of Elec- 
tronics Research and Development, Min- 
istry of Aviation, who are awarded CB’s. 
A KBE goes to Mr. C. R. King, chair- 
man of the Electricity Council, and to 
Mr. Robert Cockburn, chief scientist, 
Ministry of Aviation. 

Other awards include CBE’s to Mr. 
T. E. Allibone, Director, Research Lab- 
oratory, AEI Ltd., Aldermaston, Mr. 
H. S. Keep, assistant chief engineer, 
Ministry of Transport, and Mr. J. C. C. 
Stewart, deputy managing director (Op- 
erations), Production Group, UKAEA. 
Among the new OBE’s are Mr. S. 
Gunson, superintendent, Mechanical En- 
gineering, Atomie Weapons Research 
Establishment, Aldermaston; Mr. G. M. 
Harvey, managing director, British Oxy- 
gen, Wimpey; Mr. J. G. Mitchie, head of 
commercial division, John Laing and 
Son; A. A. Smales, deputy chief scien- 
tist, Harwell; Mr. F. H. Saniter, Direc- 
tor of Research, the United Steel Com- 
panies; F. B. Thole, former principal 
scientific officer. Ministry of Power, and 
A. L. Cullen, professor of Electrical En- 
gineering, University of Sheffield. 
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@ W. Germany Dr. Siegfried Balke, the 
West German Atomics Minister, is to 
visit nuclear research installations in In- 
dia. The date has not yet been decided. 


@ Denmark Babcock and Wilcox of =he 
United States are to supply the second 
core loading for the Danish DR-2 tank- 
type research reactor at Riso. 

@ W. Germany Work has now started 
at the newly-completed West German 
Institute for Nuclear Fusion at Juelich. 
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World Power Conference 


Madrid Nearly 2000 delegates from 48 
nations attended the two-day sectional 
meeting of the World Power Conference 
here to discuss methods of solving power 
shortage problems. 

The tone was set by Mr. Francis 
Adams of the United States. He pointed 
out that of the 58 member nations of 
the World Power Conference, ten nations 
with only 25% of the world’s population 
accounted for nearly 80% of the world’s 
electric energy supply. This meant that 
75%, of the world’s population had only 
20%, of one of the most vital necessities 
for human progress. Nuclear power 
would have an increasing contribution to 
make. 

In his lecture, ‘ The lessons of the past 
seven years in Atomic Energy’, Sir 
Christopher Hinton, chairman of the 
Central Electricity Generating Board, 
said it remained a cardinal belief of 
British reactor design that gas cooling 
was best, and still offered the greatest 
prospects for reaching high temperatures 
in reactor furnaces of the size needed 
by the British industrial programme. 

Other topics discussed included the 
general economics of nuclear power and 
energy storage with alternative schemes 
such as heat storage being put forward 
in place of the more well-known pumped 
storage schemes, while in his paper, Mr. 
F, A. Theunissen of the Netherlands put 
forward the thesis that hybrid stations 
were more economical than nuclear in- 
stallations by themselves (see pages 73 
and 76 this issue). 


@ Italy Italatom of Milan intends to 
build a plant to make nuclear fuel at 
Saluggia in Piedmont. 












SCIENTISTS DISCUSS RADIATION MEASUREMENTS Some of the 200 scientists 
from 28 countries who attended a symposium on radiation dosimetry organized 
by the International Atomic Energy Agency (IAEA) are seen above during a 
discussion period. The purpose of the meeting was explained by the IAEA 
Director General, Mr. Sterling Cole. He pointed out that with the rapid increase 
in the uses of ionizing radiation, the problem of accurate radiation measurements 
had become especially important and the aim of the symposium was a discussion 


on the methods used 
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Mixed reaction to UK offer to join Euratom 


Brussels European reaction to Britain's 
offer to join Euratom and the European 
Coal and Steel Community has been 
mixed and in some instances lukewarm. 
The offer is being studied by both sides, 
though it is considered that the Common 
Market members are unlikely to accept 
this offer. Meanwhile, the Foreign 
Ministers of the seven country Western 
European Union have set up a commit- 
tee to consider ways of arranging for 
Britain to join these two committees. The 
Western European Union itself is mainly 
concerned with defence but apart from 
the UK, the other members make up the 
Common market. 

The British announcement was made 
by Mr. John Profumo, Minister of State, 
to the Assembly of the Western Euro- 
pean Union recently. He stated: ‘* The 
British Government, without regard to all 
that has happened in the last few years, 
will certainly be ready to consider anew 
the proposal that Britain should join 
Euratom and indeed the European Coal 
and Steel Community as well’. 

Later, he added that Britain would 
have to know whether she would be 
welcome and that any decision taken had 
to be taken with full regard to loyalties 
that Britain had to her partners in the 
European Free Trade Association. 

The Minister's statement came after the 
French Socialist deputy, M. A. Conte, 
had put forward a report recommending 


that the seven member states of the 
Western European Union should examine 
the possibility of Britain becoming a full 
member of Euratom. The recommenda- 
tion was adopted unanimously and it 
was made clear that Britain would be 
welcome in Euratom as a helping and 
not a hindering partner. The Assem- 
bly also passed a resolution calling for 
the re-examination of British adherence 
to Euratom. 

However, considered reaction after this 
meeting has been guarded. The Dutch 
Foreign Minister, Dr. J. Luns, at a lun- 
cheon in London of the Anglo-Dutch 
Trade Council, said he thought the 
British offer to join Euratom was a rather 
‘platonic gesture’ and the Common 
Market members were waiting to see 
what action would follow. It was, how- 
ever, a first move and as such was im- 
portant. The real problem which had to 
be solved was political. 

German reaction is reported quiet and 
in the same vein. The question being 
asked is whether Euratom, the Coal and 
Steel Pool and the Common Market are 
not so closely knit that it would not be 
possible to join only two of these insti- 
tutions. Some French observers go fur- 
ther and say that a pre-condition for 
Britain joining Euratom would be the 
working out of an agreement between 
the Common Market and the seven- 
member EFTA. 


European moves on marine reactors 


Brussels Further progress is being made 
by Euratom towards co-ordinating work 
in the field of marine reactors in Europe 
The latest step is the announcement here 
that contracts with Germany are to be 
signed in the near future. These will 
cover a joint research programme. 
According to the West German Atom- 
ics Ministry, Ing Siegfried 
Balke, Federal Minister for Atomic 
Affairs, and Professor Paul Hubert de 
Groote of Belgium, a member of the 
Euratom Commission, had agreed on the 
formation of a working party to put 
forward suggestions for a joint research 
programme in the field of marine 
reactors. This group would be concerned 
with working out the extent of Euratom 
financial participation in 
carried out on 


Professor 


work being 


building an experi- 


@ W. Germany The mathematical sec- 
tion of West Berlin’s Hahn-Meitner In- 
stitute which is to help in calculations in 
nuclear chemistry has now been opened 
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mental marine reactor in West Germany. 

It is also understood that France has 
submitted plans to Euratom and that 
discussions on this are now taking place. 
In addition, Italy is expected to submit 
a plan for a pressurized water reactor 
system prepared by both Fiat and 
CNRN. 

Germany and the Netherlands have 
also come closer together in this field. 
Talks have been taking place between 
the Netherlands Foundation for Nuclear 
Propulsion for Merchant Ships and a 
Hamburg research company. This com- 
pany has ordered plans for an organic- 
ally moderated reactor from Interatom, 
an affiliate of North American Aviation 
and the German Demag concern. Pro- 
posals are under way to build a 15,000 
ton ship which would be ready by 1963. 


@ United Kingdom Zirconium sponge 
is exempt from import duty until Jan- 
uary 1, 1961, the Board of Trade has 
announced. 
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PRESSURE VESSEL FOR HERO NEAR 
COMPLETION Sections of the stainle 
steel pressure vessel for the Her 
experimental reactor will soon be arri 
ing at Windscale (see ‘Building th 
AGR’ p. 84 this issue). This firs 
picture shows the bottom dome bein; 
assembled at the South Works o 
Ashmore, Benson, Pease & Compan) 
Ltd. The top dome can be seen behind 
it at the right in an early stage of 
fabrication and when completed it wi! 
be fitted with sixty standpipes 





Nuclear ship regulations 


London Among the regulations on 
nuclear-powered vessels adopted by the 
International Conference on Safety of 
Life at Sea held here recently, is one 
stating that installations must be designed 
to meet both normal and exceptional 
circumstances. In addition, a manual has 
to be prepared for those operating the 
plant. 

A further regulation is that a nuclear 
ship cannot visit a foreign port unless 
comprehensive details of reactor design 
and operation are sent in advance. This 
was objected to by the Russian delega- 
tion. Their leader said this would put a 
brake on marine reactor development as 
shipowners would tend to use conven- 
tional systems rather than new tech- 
niques. The conference also approved a 
series of recommendations to 
governments on the application of the 
regulations. 


guide 


The draft regulations now go forward 
for ratification by individual 
ments over the next year or two. 


govern- 


Robens to be NCB chairman 


London The new chairman of the 
National Coal Board is to be Mr. Alfred 
Robens (49), adviser on labour relations 
to the Nuclear Power Plant Company 
and Labour Member of Parliament for 
Blyth. His appointment is for an initial 
five years from January 31, 1961. 

In a statement, Mr. Robens said he 
would like to see a national fuel policy 
drawn up but that would be up to the 
Government. He wanted coal production 
to be about 200 million tons annually. 
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Australian Minister visits 


Loidon Australia has no immediate 
plans for a power reactor and has not yet 
considered a site, Senator W. H. Spooner, 
the Australian Minister for National 
Development, told NUCLEAR POWER re- 
cently. 

he Senator is on a two months world 
tour to study development in atomic 
energy plants and other aspects of the 
peaceful uses of atomic energy. During 
his month in Britain he will make a trip 
to Vienna for a meeting of the Board of 
Directors of the International Atomic 
Energy Agency. He will also visit France 
to study atomic energy and uranium 
mining developments. 

From Britain Senator Spooner will go 
to the United States to continue his 
investigation of atomic energy advances. 


the UK 


He said to NUCLEAR POWER that his 
main purpose in visiting the United 
Kingdom was to see at first hand the 
developments taking place in atomic 
energy. ‘ We have a great interest in iso- 
tope production ourselves’, he said. 
‘ Naturally I am interested in the power 
production programme but we have no 
immediate plans for a power station’. 

Senator Spooner said that generally 
speaking the possibilities of nuclear 
power appeared interesting but were not 
urgent as Australia had vast resources 
of coal and appreciable amounts of 
undeveloped hydro-electric potential. 
There were, however, certain locations 
in Australia in which atomic power 
could become competitive in the near 
future. 





OVERSEAS 


Russian credit terms best—Bhabha 


London Discussions on the Russian 
offer to provide broad assistance for 
India’s nuclear power programme took 
place in Moscow recently when an In- 
dian delegation led by Dr. H. J. Bhabha, 
chairman of the Indian Atomic Energy 
Commission, spent two weeks in the 
Soviet Union. 

Before this visit, Dr. Bhabha spent 
some time in Germany and the United 
Kingdom. When in London, he told 
NUCLEAR POWER: ‘ We have been invited 
to study nuclear facilities and develop- 
ments in the USSR where I have not 
been for five years and naturally we will 
also discuss the setting up of a power 
station ’. 

Asked if the Russian offer contained 
the condition that India did not invite 
world tenders for Indian power stations, 
Dr. Bhabha replied: ‘ There is no Rus- 
sian condition at all. Whether we invite 
tenders or not is our own business. What 
I have said is that the Russians will not 
compete in world tenders. We have not 
yet discussed credit terms. We are going 
to discuss with them the field in which 
we can best co-operate ’. 

On India’s plans to build two small 
power plants, Dr. Bhabha said: ‘ We are 
considering building two enriched uran- 
ium reactors, one of 75 MW and the 
other of 25 MW; where precisely, we do 
not know, but Rajasthan (a desert region 
in northwest India) is a possibility for 
the smaller one. We are negotiating with 
American companies for the supply of 
these but I do not know when we will 
be inviting bids. It’s a bit premature ’. 
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Dr. Bhabha went on to say that he 
had had talks with a French group—con- 
sortia—of companies but did not give 
any names. On credit terms for bids for 
Indian power stations, he said: ‘ Credit 
terms are always a matter of negotiation 
and all I can say is that Russian credit 
terms are better than others. Their in- 
terest rates are 2}°,°. 

When in Germany on an eleven-day 
visit prior to arriving in England on May 
23, Dr. Bhabha said he would consider 
offers for sharing in the construction of 
the 300 MW power station to be built 
on the coast between Bombay and the 
textile city of Ahmedabad. He expected 
this plant to be at least 50% home 
built. If West Germany wished to bid, 
the offer would be considered. He also 
stated that another power station was 
planned for northern India, probably 
near Delhi in the Punjab area. Some 
general arrangements had already been 
made with Britain and France. 

Under the Five Year Plan for 1961 
1966, India is to have four power reac- 
tors built. Two of these, of 150 MW 
each, are for the station between Bom- 
bay and Ahmedabad. This plant will use 
natural uranium; is estimated to cost 
about £333 million and is scheduled to 
come into operation about 1964-65. The 
English General Electric Company has 
already stated that it intends to submit 
a bid for this station in the first quarter 
of next year (see Worldview, May). 

It is also understood that an Indian 
delegation will visit the US later this 
year to finalize the Indo-US agreement 
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e W. Germany The West German 
Atomic Risk Insurance Pool has so far 
insured ten reactors. Four are in West 
Germany and the others are ‘ risk-spread- 
ing’ operations for foreign reactors. 


Radiological health report 
London A _ national radiological ad- 
visory service able to give advice to 
organizations without full-time health 
and safety specialists should be set up, 
says the recent report of a committee 
appointed by the UK Atomic Energy 
Authority to study training of radio- 
logical health and safety specialists. 

The report, ‘ Training in Radiological 
Health and Safety’, is being studied by 
the AEA and the government depart- 
ments concerned. The committee was 
under the chairmanship of Sir Douglas 
Veale. 


which will help India implement her 
small power station construction pro- 
gramme. 


e@ United States A permit for building 
a one MW heterogeneous heavy water 
moderated and cooled research reactor 
is to be issued to the Georgia Institute 
of Technology by the USAEC. 





FINAL TOUCHES AT DRESDEN Tech- 
nicians are here placing the last of 56 
five inch diameter bolts on the 50 ton 
head of the reactor vessel at the 
Dresden nuclear power station near 
Chicago, Illinois, shortly before it went 
into power production (see ‘Worldview’, 
June). The I80MW _ boiling water 
reactor produced nearly 25 million kilo- 
watt hours of electricity while operating 
at power levels up to 90MW. The 
reactor was shut down following the 
initial tests 
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NEBRASKA POWER PLANT TAKES SHAPE Nuclear reactor vessels are soon to 
be placed in the cavity liner shown in the centre foreground of our picture of 
the Hallam nuclear power facility in Nebraska. At either side of the cavity liner 
are tunnels for primary sodium and heat transfer piping for the sodium graphite 
reactor being built by Atomics International for the 75 MW power plant. Fuel 
and reactor components storage cells are located in the centre and background. 
The completed power plant will be operated by Consumers Public Power District 
in 1962, the date for its scheduled start-up and initial operation 





Setback for Enrico Fermi station 


Washington A blow to the United States 
Atomic Energy Commission’s fast breeder 
reactor programme was dealt by the US 
Court of Appeals when they rejected a 
licence given by the AEC for the con- 
struction of the fast reactor power station 
at Lagoon Beach, Michigan. Unless the 
AEC appeals against the court decision 
work on the project will have to stop 

The AEC and the Power Reactor 
Developments Company are expected, in 
separate requests, to ask the court for a 
re-hearing. If this is granted, it is 
said here that the AEC’s chances of 
getting the decision reversed are good 
because of the majority of * conservative ” 
judges. If the re-hearing is not granted, 
the case is expected to go to the Supreme 
Court It is understood that when an 
appeal is lodged, the court decision is 
suspended until a new ruling is issued 
unless the Court otherwise directs when 
it accepts the re-hearing. 

The 94MW Enrico Fermi Atomic 
Power Plant is being built with Govern- 
ment assistance by the Power Reactor 
Development Company. This is a Michi- 
gan corporation made up of 14 public 
utilities led by the Detroit Edison Com- 
pany and seven equipment manufacturers. 
Construction work has been going on for 
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the past four years and the turbine gen- 
erator facility was due to be completed 
late this summer. 

The reactor itself is to use an alloy 
enriched with fissionable uranium U-235 
as the core fuel, Heat is to be removed 
from the reactor by liquid sodium with 
a second sodium system transferring the 
heat from the exchangers to steam gen- 
erators for the production of steam. 

The licence for the station had been 
challenged by a group of unions who 
held that the plant was ‘ inherently 
unsafe ’ and would create a public hazard 
in the populated area on Lake Erie, 30 
miles southwest of Detroit. 

In a statement on the decision, Mr. 
John A. McCone, chairman of the AEC 
pointed out that the granting of the pro- 
visional construction permit and the oral 
argument on the matter held before the 
Commission took place during the period 
1956-58. The issues raised by the Court’s 
decision were of very great importance 
to the Commission and to industry in 
connexion with matters of public health 
and safety. 
® United States President Eisenhower 
has signed the bill authorizing appropria- 
tions for the US Atomic Energy Com- 
mission for the 1961 financial year. 





Trombay reactor delays ov: 


Ottawa Charges that there had n 
bungling in the building of the Trom ay 
40 MW research reactor for India \ >re 
denied in the Canadian House of Com- 
mons recently by the acting Minister ‘or 
External Affairs, Mr. E. D. Fulton. Ie 
agreed that there had been delays out 
these had been due to the complex na ‘re 
of the work involved and the unw ual 
type of structure. These delays had row 
been overcome. 

The research and engineering test re- 
actor is being built under the Colom >o 
plan and is patterned on Canada’s NX 
reactor at Chalk River, though it incor- 
porates improvements resulting from 12 
years operating experience. Canada is 
also to supply scientists, engineers and 
technicians for the initial period of op- 
eration of the Trombay reactor. 


US fusion programme extended 


An extension of its joint 
sponsorship with General Dynamics 
Corporation of their controlled thermo- 
nuclear reaction programme has been 
announced by the Texas Atomic Energy 
Research Foundation. The original 
agreement, signed in May 1957, has been 
extended for an additional four years 
The programme includes both theore- 
tical and experimental work in plasma 
phenomena and is carried on by General 
Dynamics’ General Atomic Division at its 
John Jay Hopkins Laboratory where new 
experimental facilities are coming into 
operation. These latter result largely from 
an increase of interest in shock wave 
plasma generation and injection. 


San Diego 


Soviet reactor progresses 


Moscow Work has now started on 
assembling the reactor set for the 
Beloyarsk nuclear power station under 
construction in the Urals. The capacity 
of the reactor is now given as 200 MW 
with the reactor core being 30 ft high 
and 294 ft in diameter. There are 998 
fuel channels. The reactor itself is a 
boiling water type, graphite moderated, 
water cooled, and fuelled by slightly 
enriched uranium. The control panel will 
be set 23 ft below ground level. 


e USSR The USSR Central Atomic 
Energy Board has been reorganized and 
replaced by the State Atomic Energy 
Committee of the USSR Council of 
Ministers. 


@ Australia More than 100 scientists 
from Australia, Britain, the US, New 
Zealand and the IAEA took part in the 
first Australian conference on the Tech 
nological Use of Radiation held in 
Sydney recently. 
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Cargo-liner is next US nuclear propulsion step 


Sen Diego The possible development of 


a nuclear powered combination passenger- 


cargo vessel is likely to be the next stage 
in US nuclear propulsion plans. 

According to Mr. John J. Allen, Jr., 
Under-Secretary for Transportation, the 
US Commerce Department, his depart- 
ment had been greatly encouraged by 
preliminary results of studies on adapting 
the direct cycle boiling water reactor 
system to such a vessel. 

He told the Propeller Club here that 
though the studies were only prelimin- 
ary, ‘we believe that our investigation 
has shown significant opportunity for 


Cost Inquiry into Canada’s 
power programme 


Ottawa A 20-man Commons Committee 
is soon to inquire into Canada’s nuclear 
energy power and research programme. 
The main purpose of this inquiry is to 
evaluate the cost of providing power 
from nuclear stations. 

Projects under way in Canada include 
the 20 MW prototype NPD — Nuclear 
Power Demonstration—which is sched- 
uled to go into production in mid-1961, 
while the 200 MW plant at Douglas Point 

CANDU-— is still in its infancy. 


® Japan Nippon University has installed 
a high temperature plasma device in its 
research laboratory which is capable of 
reaching a temperature of five to ten 
million degrees in its six metre long dis- 
charge tube. 


Oak Ridge gas-cooled reactor 
plans progress 


Washington A further step in the US 
Atomic Energy Commission’s plans for 
a flexible experimental prototype gas- 
cooled reactor at Oak Ridge has been 
taken with the selection recently of the 
Tennessee Valley Authority by the Com- 
mission as the operator of the plant. 

The reactor will be a combined ex- 
perimental and power producing plant 
which will provide facilities for testing 
fuel elements, gas coolants and reactor 
materials and will also generate about 
25,000 electrical kW. It will be fuelled 
with slightly enriched uranium dioxide, 
moderated with graphite and cooled with 
helium. Construction was started last 
\ugust and completion is scheduled for 
late 1962. 

Under the proposed agreement between 
the two bodies, the Authority will pro- 
vide some design and construction assist- 
ance to the Commission; train operating 
personnel; assist in pre-operation inspec- 
tion and testing and operate the reactor 
for the Commission until June 30, 1968. 
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the development of a competitively 
operating nuclear-powered super-liner to 
be used in carrying passengers and cargo 
from the Pacific Coast to the Near and 
Far East trades ’. 

The next step would be the develop- 
ment of a government-industry coopera- 
tion programme, he added. 

The vessel considered in the Commerce 
Department study had a carrying capa- 
city of 1450 passengers. At an operating 
capacity of 31 knots, the annual operat- 
ing costs and costs per passenger were 
less than for a conventional ship though 
capital costs would be higher. 


@ Japan A model of the reactor to be 
built at Tokai Mura has successfully 
withstood a series of artificial earthquake 
tests, says Dr. K. Takeyama, director of 
the Japanese Government’s construction 
research institute. 


@ Philippines The Deputy Commissioner 
of the Philippines Atomic Energy Com- 
mission, Mr. Pedro Afable, visited Aus- 
tralia recently for special studies with the 
Australian Atomic Energy Commission. 
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e Australia United Uranium N.L. has 
announced a profit of £A223,960 for the 
year ended December last. The com- 
pany’s contract with the UKAEA pro- 
vides for the sale of uranium oxide to 
the Commission for a sum in excess of 
£AS5 million. 


Consultants appointed for 

Brazilian reactor tender 
New York The Brazilian National Com- 
mission for Nuclear Energy (CNEN) has 
approved the selection of Internuclear 
Company of Clayton, Missouri, by 
Kennedy & Donkin of London to assist 
in providing consulting services for a 
150-200 MW _ (electrical) = gas-cooled, 
graphite-moderated nuclear power plant 
(see Worldview, March and May). 

As a first stage, the consulting engin- 
eers will advise the Commission on an 
invitation to bid which will be issued 
on a world-wide basis in the latter half 
of this year. They will also form a joint 
team to survey the capabilities of Brazil- 
ian industry to assist in the construction 
of a nuclear power station. 

The project is to be situated on the 
banks of the river Mambucaba which 
flows into the sea half-way between Rio 
de Janeiro and Sao Paulo. 
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JAPANESE ENGINEERS VISIT GEC WORKS Seen examining a recently completed 
model of the Tokai Mura power station to be built by the General Electric 
Company are senior construction engineers of the Fuji Electric Manufacturing 
Co. Ltd. of Japan. Fuji Electric is acting as the main sub-contractor for the project 
and their engineers visited the GEC Erith works recently to discuss reactor 
construction and design. The picture shows, left to right, Mr. P. A. Lindley, chief 
engineer, GEC Atomic Energy Division, Messrs. M. Tominaga and T. Nakajima, 
Fuji Electric, Mr. T. Takehisa, The Nissho Co. Ltd., Dr. H. K. Cameron, manager 
GEC Atomic Energy Division and Mr. T. Takaichi, construction manager, Fuji 
Electric. The model itself has been built as an aid to construction planning and 
includes the 460 ft high main derrick which will be used to lift the heavier parts 
into position 
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This first of two articles shows how automatic contro! tech- 


niques are taking account of recent studies of core behaviour 


Control of power reactors—l 


by R. H. CAMPBELL, B.Sc... A.M.LE.E.. Assistant Chief Engineer, 


HE CONTROL of reactors producing significant amounts 
i power differs from that of low energy research 
reactors because of the temperature effects of the various 
components on the neutron balance. 

In the graphite moderated gas-cooled reactors on which 
the UK nuclear power programme is based, it is well 
established that after a period of irradiation, positive tem- 
perature coefficients of reactivity are built up. If a reactor 
producing power at a steady rate is considered the tem- 
peratures throughout are stable and the reactor is just 
critical, i.e. the reactivity is zero. If the moderator tem- 
perature is now increased, the reactivity increases and the 
fission rate, and therefore the power level, rises at a rate 
given by 

dn n(k.y,—1) 
— (1) 
dt Tt 
where k,,,; is the effective multiplication factor for the 
reactor and ; the average neutron lifetime. 

This increase in power raises the moderator temperature 
still further which in turn releases more reactivity. Imme- 
diate control action would be required to prevent a rapid 
divergence were it not for the compensating negative effect 
produced by the U-238 component of the fuel. 

The U-238 absorption cross-section exhibits a number of 
resonances at energies a littlke above the thermal range 
(see Fig. 1). Increase in temperature of the U-238 has the 
effect of broadening these resonances, giving higher neu- 
tron absorption with a consequent reduction in reactivity 

The positive moderator temperature coefficients are pro- 
duced by a similar mechanism. Plutonium 239 formed on 
capture of a neutron by U-238 is fissionable at thermal en- 
ergies and its fission cross-section has a resonance just above 
the thermal region at 0°3 eV (see Fig. 2). The mean energy 
level of the neutrons is proportional to the absolute tem- 
perature of the moderator, and as this temperature rises 
a larger proportion of neutrons have energies in the reson- 
ance band, giving an increase in the rate of Pu-239 fission. 
As one would expect from Fig. 2, the moderator tem- 
perature coefficient reaches a maximum at about 400°C 
(see Fig. 3). 

In general, rates of change of reactivity due to varia- 
tions of moderator temperature are small because of the 
large thermal inertia of the moderator. In some recent 
reactor designs, however, some moderating material is in 
close association with the fuel and the response is then 


68 


Reactor Engineering Branch, UKAEA, Ris 


much more rapid. If the oxide (UO.) is used instead of 
metallic uranium, then the oxygen acts as part of the 
moderator. Also, beryllium is an example of a canning 
material which is a good moderator, and in some designs 
of fuel element assemblies, graphite sleeves are incorpo: 
ated. The temperature of these sleeves does not change as 
quickly as that of the oxygen or the beryllium can, but it 
is still considerably faster than that of the bulk moderato: 

Although contributing only a small proportion to the 
total moderator temperature coefficient of reactivity, the 
effect of these components on the stability of the control 
system may be quite large because of their much faster 
response. This response depends on the thermal inertia 
of the component and on the rates of heat transfer both 
towards and away from it. A method of obtaining the time 
lags associated with the transfer of heat to each part of 
the reactor is outlined later in this article. 

Only the fastest acting of the temperature coefficients 


Absorption cross-section of U-238 (Fig. |) 
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affects the manual handling of a reactor. It is found that 
the constant parts (i.e. the gain terms) of the transfer 
functions linking the can and sleeve temperatures to the 
fuel temperature, reduce the effects of the can and sleeve 
temperature coefficients. The reason is that in any excur- 
sion in power level, the temperature swings of the cans 
and sleeves are lower than those of the fuel. 

If very long periods of fuel irradiation are considered, 
it may be possible for the sum of the effective values of the 
fast acting positive temperature coefficients to approach 
the negative coefficient of the fuel. In this case, manual 
control would not be impossible but it would be sufficiently 
exacting to cause a significant increase in the rate of 
spurious trips due to faulty operation. Automatic control 
is necessary under these conditions because of the high 
cost of spurious trips in a reactor station feeding power to 
the grid. 

All the magnox reactors being built for CEGB have 
automatic control systems, but these are fitted for a differ- 
ent reason to that discussed above. In a large reactor in 
which positive moderator temperature coefficients have 
built up, it is possible, if the moderator temperature, co- 
efficient were to reach a high enough value, not only to 
have instability in, the fundamental mode, but also in other 
modes. In the first of these to occur (the first azimuthal), 
the flux increases in one half of the reactor and decreases 
in the other (see Fig. 4). In the magnox stations it is 
possible that the second azimuthal and first annular modes 
may also occur. These modes of instability are all in the 
radial direction. Instability can occur also in the axial 
direction. 

Values of temperature coefficients, high enough on their 
own to produce these instabilities, are not expected in any 


of the stations now in course of erection in this country. 
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However, when the effects of xenon poisoning are con- 
sidered in conjunction with those of temperature, it is 
found that instabilities in the azimuthal and annular modes 
are possible but take place at a lower rate than with tem- 
perature effects alone. 

The deviation doubling times of these instabilities are 
measured in tens of minutes; automatic control is not, 
therefore, needed. Independent automatic control systems 
are being fitted because of the complex nature of the 
controlling task. There is no doubt that an operator could 
control one of these reactors manually if he were given, 
in addition to the normal total power control, a suitable 
instrument display on which the onset of an instability is 
clearly presented, and also a suitable manual control which 
causes the rods in selected sectors to move differentially 
to maintain the total power constant. It would be a tedious 
task, however, and because of the high cost of a spurious 
reactor trip caused by a faulty operation it has been 
considered desirable to deal with the problem by splitting 
the reactor into a number of zones and automatically 
controlling the power level in each independently. The 
number of zones chosen must be greater than, and is likely 
to be about twice the number, of zones of the instability. 
In this way, an instability building up with any orientation 
in the reactor can be adequately dealt with. 
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temperacure ( Fig. 3) 


If there is no separate overall power control, the funda- 
mental instability has to be controlled by each of these 
loops, and it is obtaining loop stability under these con- 
ditions that presents the biggest problems to the control 
engineer. Stability can be achieved by use of normal phase 
advance techniques. The major difficulty is in the reliable 
production of phase advance at the very low frequencies 
at which it is required. 


The reactor transfer function 
If we neglect, for the time being, the effect of delayed 
neutrons, the reactor power P is given by 
dP : pho 9 
dt T 
Considering reactors very near to critical we can write 
reactivity p for (k.;; — 1). The error made in using this 
Ke 1 
simplification is small for p wrens inl kere is Very 
ett 
nearly equal to 1, while the reactor remains at power. 
With a k,;, of 1:002 for instance, the power doubling 
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Type of instabi- 


lities possible in 
civil magnox 
reactors (Fig. 4) 


Ist azimuthal 2nd ozimuthel 1st annulor 


time is about 15 sec ; much lower than the doubling time at 
which large power reactors are operated. 

Figure 5 shows this simple transfer function, with power 
P expressed in terms of reactivity » for small perturba- 
tions about a steady power level P,. s is the Laplacian 


Fr 
operator and the constant A is equal to —. This is not 


an exact expression but is sufficiently accurate for stability 
analysis of the control system, where only small power 
excursions are considered. 

It is instructive to observe now the effect of the delayed 
neutrons on this transfer function. To simplify this analysis 
consider that there is one group only making up fraction 
8 of the total number of neutrons and having a half life 
of /. 


reactivity A | power 
————. se —>—___. 
s | 
P P 


L — 


Illustration of the simple transfer function (Fig. 5) 


The expression for the number of neutrons is now: 


dn mp Bn 


dt r r 


7 


Ar (2) 
‘ 


' TTT and r is the number of delayed neutrons. 


= 


where A 


The equation for r is 


dr Bn 
ee eae ey (3) 
dt r 
B 
or r —_— Nn (4) 
r(s T A) 


Substituting for r in equation (2) 


B AB 
s+—-- —)n Ap (5) 
T r(s + A) 
AAT (1 + s/A) 
or n = ———— p (6) 
at + 7,3) 
1 
where T ———- 
B 
a4 ) 
B(i + T,5) > 
iol (7) 
s(1 + T,s) p 
where B is a constant. and 7, ='/X. 
Bi + T,s) 


a 


The transfer function has now become ——————— 
s(1 + T,s) 
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which is the original transfer function multiplied tb a 











(Q+T,s) 
constant and — (Fig. 6). 
+ 7a 
Modified transfer Bilelgs) 
function (Fig. 6) -. | S(lel, s) "s _ 











T, must always be less than '/A so the effect of te 
delayed neutrons is to produce phase advance in ‘he 
same way as the normal electrical method. (See Fig. 7) 


— output nm Grr 
where the transfer function = ——— —— 
input KR, + ®,@ + T.s) | 
R,R.C 


where T R.C and T, ——_—— and therefore T, 
RK. + 


To determine how much phase advance is likely to b 


a 


obtained from the delayed neutrons, typical values are 
inserted. For U-235 fission 8 = 0:0065 and the mean half t 
life of the six groups is about 10 sec giving a value for ' \ \ 
of about 13 sec. The factor due to delayed neutrons is there- \ 
— O01 (1+ 13s) 
fore - . This shows that the effect of delayed 

(1+ 0O-15s) 


neutrons on the stability of the control loop is purely 
that they produce a substantial amount of phase advance 

Similar expressions are obtained for each of the six 
groups of delayed neutrons but in each case the amount 
of phase advance will be less than in the above expression. 
because the £8 term will be smaller. 


The delayed c 
neutrons pro- - 
duce phase ad- 

vance in the —_ 

same way as the R2 l 

normal _ electri- input S 
cal method ] 


shown in this 
diagram (Fig. 7) 








R, output 





The B and X values for the delayed neutron groups in 
U-235 fission are shown in Table 1. The values shown in 
this table apply when the fuel is unirradiated. As irradia- 
tion proceeds and plutonium builds up, the f values 
decrease. 

The use of all the delayed neutron groups in the analysis 
of the whole loop increases the complexity of the work 
considerably. It can be shown that very little accuracy |: 
sacrificed if an approximation using only two groups 1s 
used. The groups best to use are determined by fitting a 
a+T.9 07+ Ta 

— —_—_——— empir! 
i + F,3) CG + Fs) 
cally to the transfer function for the reactor kinetics com 


transfer function of the form 


TABLE 1 £ and X values for the delayed neutron groups in 
U-235 fission 





GROUP HALF LIFE, B A 
sec vs sec! 

l 55-6 0-021 0-0124 
2 22-6 0-141 0-0305 
3 6:2 0-126 0-1114 
4 2:3 0-255 0-3014 
5 0-61 0-074 1-136 
6 0-23 0-027 3-014 

Total 0-644 
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; " p 
— a0 os =a The transfer 
waar | function of Fig. 
_ 6 modified by 
changes in reac- 
tivity due to 
changes in fuel 
and moderator 
temperatures 
(Fig. 8) 














puted using all six groups. The maximum phase advance 
obtained from the delayed neutrons is about 70°, the 
maximum occurring at about 0°1 cycles/second. 


Effect of temperature coefficients 

When the reactor power changes, fuel and moderator 
temperatures change and feed back changes in reactivity. 
The diagram of Fig. 6 is modified by these feedbacks to 
that shown in Fig. 8. Here only one moderator tempera- 
ture is indicated. In practice, this may have to be split 
up further if sleeves are fitted or moderating material 
used for the fuel cans. 














Pp Ke Tu | i 
(1+K,s) : Part of the sys- 
a tem of equation 
y (10) shown in 
diagrammatic 
= form (Fig. 9) 
Ka 











The transfer functions, power to fuel temperature (T,,) 
and fuel to moderator temperature (T,,,), are obtained from 
the heat transfer equations. The equation relating T,, to P 
is of the form: 





a iF —@.-3,) (8) 
dt 
where 7, is the fuel can temperature. 
This may be rewritten T,,(1 K,s) 7 + 7, (9) 
or 
K, T, 
T,, = ——— P + ———— (10) 
, + 2.8 i+ Es 
This part of the system is shown in diagrammatic form 
in Fig. 9. A similar loop relates T, to the coolant gas 
temperature 7... The heat transfer equation is 
dT, —" i 
K,——__ = (f,, — T,) — &, @, — T,). 


Incorporation of this relationship extends the ‘diagram 
to that shown in Fig. 10. 

A series of interconnected loops of this type forms 
that part of the system diagram from power to moderator 
temperature. Before any further manipulation can be car- 
ried out the local feedbacks must be removed. This is 


The relationship shown in Fig. 9 extended to include the 
loop relating can temperature to coolant gas temperature 








(Fig. 10) 
P 
p——— K&% a 
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accomplished by beginning at the right-hand end of such a 

line and incorporating the feedbacks, one by one, into the 

main forward transfer function until they are all eliminated. 
To illustrate the procedure consider this last loop, i.e. 

the one shown in Fig. lla. The feed from T,, back to T, 

could equally well be taken from T, so long as it is modi- 

1 
fied by —————-,, as shown in Fig. 11b. There is now a 
ae 
simple loop unaffected by any others which may there- 
fore be replaced by a single transfer function. 
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Incorporation of 
the local feed- 
backs into the 
main forward 
transfer loop 
(Fig. 11) 
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When all local heat transfer loops have been so elimin- 
ated, the main feedback loops containing the moderator 
temperature coefficients of reactivity can be dealt with. 

Considering the simplified system of Fig. 12 we can see 
the effect of both positive and negative coefficients. 

Converting this simple loop to a single transfer func- 
tion F we have 














A(l + T,s) 





s(1 + T.s) (1 + T,8) 


A(i + T,s)Q + Ts) 


Aa + (AaT, + 1)s + (Te +T,)s? + ToT 35° 


C.-- 2 28) 
i+ 7 + 2s + 2S 


The inclusion of the temperature coefficient has removed 
the s term from the denominator, replacing it by a term 
of the form (1 + Ts). This shows that a change in reac- 
tivity will no longer cause the reactor to diverge so long 
as @ is positive in the above expression. A negative tem- 
perature coefficient produces a positive a because, in 
converting the loop of Fig. 12 to a single transfer func- 
tion, the feedback is assumed to be negative. 

Should a be negative, however, one of the terms of the 
denominator takes the form (1 — Ts), and the transient 
response of the reactor to a small step change in reactivity 
contains a positive exponential term exp.(t/T). Power 
therefore diverges steadily in these conditions. It is possible 


7) 





P _ | Aftet,s) © 


S(1el,s) 
Lenten Simplified system showing 
the effect of both positive 
Tuareg: and negative temperature 
a ° ° 
ith) coefficients (Fig. 12) 


—— | 


by means of an automatic control to so arrange matters 
that this divergence does not take place. 

There are a number of analytical techniques which can 
be used in the stability studies for such a system. The 
method adopted depends largely on which the designer is 
most familiar with, but that discussed here is probably 
the most widely known and has been found by the author 
to produce the required results easily and quickly, These 
techniques use essentially a linear approach which, in this 
case, is permissible although the problem itself is far 
from linear because this analysis is used only to give the 
designer a feel for the problem. In this way he can see 
more clearly the effect of the various terms than he would 
by examination only of the results from a computer. The 
analogue or digital computer, which is almost essential 
for the complete solution of the problem, can then be 
programmed more effectively and efficiently. 

Of the two types of computer, the analogue is the more 
powerful tool for control system stability studies. The 
results of parameter changes are more immediately visible 
and the various forms which the controller itself may take 
are more easily synthesized. Non-linearities and discontin- 
uities are fairly easily incorporated in either type. Investi- 
gation of the manual control characteristic of the reactor 
can only be carried out on the analogue computer. Here 
the operator can be given a similar instrument display 
and controls to those which are to be fitted to the reactor. 
The major difficulty in an investigation of this type is that 
the optimization of a display and control arrangement is 
very dependent on the ‘ noise” on the instrument signals ; 
this quantity cannot be determined until the reactor runs 
because a large number of factors may contribute to it. 
All that can be done in a manual control investigation, 
therefore, is to examine the performance in a number of 
cases, each having a different noise spectrum fed into the 
system. The probable noise spectrum can only be estimated 
by examination of noise in other reactors, and by making 
allowance for any known differences. 


Overall loop stability 

Having obtained that part of the open loop transfer 
function dependent on the reactor kinetics and tempera- 
ture coefficients, all that remains is to include the transfer 
function of the controller; this is done by multiplying the 


Locus of the 
vector repre- 
senting the 
transfer function 
plotted in polar 
coordinates 
(Fig. 13) 
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two transfer functions together. The overall transfer « ac. 
tion is then examined for stability by means of the Ny ist 
criterion or by examination of the roots of the chara. ‘ter- 
istic equation. 

In the Nyquist method, the operator s is replaced | - jy 
and the value of the transfer function computed f + a 
range of values of w (angular frequency). The loci. of 
the vector representing the transfer function is plotte: in 
polar form. A diagram of the type shown in Fig. is 
obtained for a reactor with negative coefficents. The d: ‘ted 
portion is a mirror image of the full line curve and repre- 
sents that part of the locus for which » has negative va ies. 

The criterion for stability is that the number of t.mes 
the locus encircles the (—1, j0) point in an anti-clockwise 
direction must equal the number of the denominator roots 
which have positive real parts. 

In a reactor with negative temperature coefficients there 
are no roots of the denominator with positive real parts 
so that for stability the locus must not encircle the (— 1 j0) 
point. Whether it does, depends on how the two open ends 
(i.e. at » > 0) are joined. 





Ww 


iat 


Locus of the 
transfer function 
when the reac- 
tor has a posi- 
tive temperative 
coefficient 
(Fig. 14) 





To determine the position of the locus as s goes through 
zero, it is assumed that it does not do so, but that its path 
makes a very small semi-circular detour round the zero 
point, the detour being so small that no roots are enclosed 
by it. From this it can be seen that the closing path of 
Fig. 13 is to the right of the diagram (as shown by the 
semi-circular part). The locus shown therefore represents 
that of a stable system. 

If a reactor has a positive temperature coefficient on the 
other hand, then one of the roots of the denominator has 
a positive real part and the locus is of the form shown in 
Fig. 14. 

For stability, since there is a root of the denominator 
of the transfer function with a positive real part, the locus 
must encircle the (—1, j0) point once. If the path of the 
locus were to be completed to the right as in Fig. 13, the 
system would not be stable with the (—1, j0) point at 
either A, B or C; but if it is completed round the left 
side, the system is stable if the (—1, j0) point lies in the 
same region as point B. An examination of the function 
as s goes through zero as discussed above shows that the 
path is completed round to the left, so giving the possi- 
bility of stability if the (—1, j0) point is in B region. 

The degree of stability is of great importance. A further 
article discusses the performance required from an auto- 
matic reactor control system. 
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New economic studies were recently presented at the World 
Power Conference and at the British Electrical Power Conven- 


tion. NUCLEAR POWER reviews the most outstanding points 


Nuclear power costs reassessed 


Madrid and Bournemouth June 1960 


NCERTAINTY OVER nuclear 

power prospects has culminated in 
the recent announcement that the UK 
programme is to be slowed down and 
the re-appraisals of its economics in 
recent papers were both necessary and 
timely. 

It will be remembered that in 1957 
Sir Christopher Hinton suggested in 
Stockholm that nuclear power would 
be cheaper than coal-based power by 
about 1965 and that by 1970, say. 
generating costs per unit would be 
0:47d (nuclear) against 0-67d (coal). In 
an article in the December 1958 issue 
of NUCLEAR POWER, the assumptions 
on which these figures were based were 
attacked by Mr. K. L. Stretch of the 
National Coal Board; he maintained 
that the future cost of power from 
coal had been over-estimated and by 
1970, for example, would be only 
0:54d. against 0-58d. for nuclear power. 
In his opinion, nuclear power would 
not become the cheaper of the two 
until the 1980s. 

In their paper at Madrid (/), Sir 
Christopher Hinton, Mr. F. H. S. 
Brown, and Mr. L. Rotherham now 
allow a much lower figure for coal- 
based power—0O:51d. at 75% load fac- 

iam eames 7 
conventional coal | 
fired plant 
\. =77> nuclear power 
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Generation cost trends in nuclear and 
coal fired plant compared — HINTON 
(Fig. 1) 
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tor by 1970—but their figure for nu- 
clear power with this load factor in 
1970 is 0:46d., which shows little 
change. With this load factor they 
predict a break-even date of about 
1967—only two years later than their 
original forecast—-and even with a 
load factor of 60% they predict that 
the two will become comparable by 
1970 (see Fig. 1). 

The new estimates assume that the 
cost of the initial fuel charge will be 
based on current uranium prices but 


Nelson (2) also commented on the 
contribution that increasingly large 
generating units have made to the re- 
duction in cost—a four-fold increase 
in 10 years. Increase in size of set 
cannot be expected to continue in- 
definitely, however, as the size of the 
total installed system is increasing 
much more slowly in relation to it. 
To build steam turbines now for 
higher steam temperatures is possible 
but much more expensive ; increase of 
efficiency with size and the economies 





THEN AND NOW 
Hinton 1957 Stretch 1958 


1965(T) 


break-even date 
nuclear cost pence/kKWh—1970 0-47 
coal cost pence /kWh—1970 0-67 


+ 75%, load factor inferred 


Hinton 1960 
1967 (75%)* 


1980's 1970 (60%) 
0-58 0-55). 046) neo, 
0-54 0-55) 9% 9.51 4 2% 





* load factor 





an allowance has been made in cal- 
culating fuel replacement charges for 
the expected fall in fuel costs. Other 
factors in the revised costs are lower 
credit for plutonium, and a rise in in- 
terest rates from the figures used in 
1957; they also take account of rapid 
technical advances in conventional 
plant coupled with the slowing down 
in the rise in coal costs—a situation 
that is likely to persist. Coal prices up 
to 1965, Hinton forecasts, are likely to 
fall as coal production is rationalized 
to meet a diminishing demand, as well 
as meeting competition with oil and 
nuclear fuels. For the period 1965- 
1980, some low contraction may be 
expected to continue and the real cost 
of production should not then rise 
more than 0°6% per annum. 

An advance in unit rating has re- 
sulted in a reduction of capital cost 
per kW installed at the same time as 
an advance in steam conditions which, 
although representing an increase in 
capital cost, has also given an increase 
in thermal efficiency followed by a 
reduction in running costs. To some 
extent this has facilitated an increase 
in unit sizes leading to a reduction in 
capital cost. 


to be achieved will become more and 
more marginal. By 1975, the combined 
effects of technical limitations, relation 
of set size to system and of set size to 
cost will produce a situation in which 
further size increases will no longer be 
worthwhile. 

According to King (3), the capital 
cost of stations commissioning now is 
around £50/kW, about the same figure 
as 12 years ago despite the increase 
by more than 70% in price level and 
wage rate, these inflationary costs 
having been offset by technical ad- 
vances. By 1964, he estimates that in- 
stalled cost would be as low as £40/ 
kW, based on the Thorpe Marsh sta- 
tion which will have two 550MW 
units giving 365% thermal efficiency. 

Looking at the capital costs for 
nuclear power stations, the latest esti- 
mates (including contingencies but 
excluding initial fuel charge) show that 
Berkeley and Bradwell are now in the 
range of £160/kW, Trawsfynydd down 
to £123/kW (3), and that Dungeness 
and Sizewell are likely to have a spe- 
cific plant cost of about 30% lower 
than the first two stations, due to in- 
crease in gas pressure and increase in 
output per reactor (4) (Fig. 2). Vaughan 
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Sir C. Hinton, Chair- 
man, CEGB (above) 
‘there is no doubt 


that the capital 
costs of nuclear 
plant are falling at 
about the rate orig- 
inally predicted’ 


considers that the gas presssure for the 
later plants will probably be doubled 
from about 150 psia to 300, increases 
which account for perhaps 25% of the 
reduction in capital cost. By using 
smaller vessels to contain a given core, 
gas pressure is being obtained more 
cheaply than before and the costs of 
plant and associated civil works are 
coming down. Higher gas pressures, 
he points out, lead to higher fuel 
ratings, reduction in the number of 
gas circuits and improvements in sta- 
tion efficiency. The use of higher 
reactor gas inlet temperature also over- 
comes more readily the problems of 
Wigner energy storage in the graphite. 


AFTER 1965 

For future designs, further increases 
in pressure will be limited in the gas 
circuits; the design of gas valves and 
expansion bellows to work at 300 psia 
in gas ducts of 6 ft diameter or more, 
sizes that will be commonplace soon, 
is very difficult. With an increase in 
unit size of boilers, shell diameter and 
plate thickness will also increase and 
this sets a limit on site weldability and 
maximum shell weight. High gas pres- 
sures become uneconomic when the 
same manufacturing standards and in- 
spection are required on the boiler 
shells and reactor vessels and a pos- 
sible alternative is the use of concrete 
pressure vessels that might give 
cheaper and higher gas pressure. As 
for increased heat transfer, the next 
step Vaughan considers, is the de- 
velopment of hollow uranium rods 
and further improvements to reduce 
temperature drop from can to gas 
thereby raising the gas outlet tempera- 
ture to give an improved steam cycle 
and higher station efficiency. 

He points out the limitations for 
really large output reactors lie in unit 
size of boilers, where difficulties arise 
through rapid increase in cost of 
fabrication and site erection of ex- 
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Chairman, 
city Council (be- 
low) ‘the cost of 
conventional sta- 
tions could fall to 
£40 per kilowatt by 

1964’ 





King, 
Electri- 





Mr. R. D. Vaughan, 
Chief Engineer, Nu- 
clear Power Group 
(above) ‘it is un- 
derstood that by 
1966 the cost of 
natural uranium 
fuel will be £5000/ 
tonne less than at 
present’ 


tremely large shells and tube banks, 
and of turbo-alternators. The number 
of such components increases directly 
with output although specific cost re- 
mains the same. For graphite, control 
rod equipment and burst cartridge 
detection equipment, there was an in- 
crease in cost at a rate proportional 
to the size of the core, but the specific 
cost remains constant. The factors, 
therefore, that account for the con- 
tinuing fall in specific plant cost for 
very large stations, ones not closely 
linked to output, are reactor vessel 
and reactor civil engineering. 

The large *‘ magnox’ station envis- 
aged by Vaughan for operation in 
1966 might have two reactors each of 
500 MWe, but would be similar in all 
other respects to the early designs. 
Technical progress following the Dun- 
geness and Sizewell designs should 
arrive at a plant cost of £85/kW. The 
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Estimated fall in costs of nuclear plant 
(excluding fuel)—VAUGHAN (Fig. 2) 


station is assumed to be working at a 
gas pressure above 300 psia with a gas 
outlet temperature of 410°C, and a 
steam cycle of dual pressure with re- 
heat giving a net station efficiency of 
33% or more. Use of large hollow 
rods to secure the maximum possible 
advantage from the high gas pressure 
should account for a further drop in 
the cost of the initial fuel charge. 





Although the upper temperati ‘ec 
limit for a magnox can is appro |- 
mately 500°C it is not expected ti xt 
the bulk gas outlet temperature vy. ll 
exceed 400°C for ‘magnox’” static is 
because of the temperature limitatic °s 
likely to be met in structures aod 
materials. Hinton therefore assum ¢s 
that by 1965 the Advanced C is 
Cooled Reactor (AGR) will be tak ig 
their place (Fig. 4). 

In the AGR designs, gas outlet te 
perature is expected to be limited ; 
marily to the high temperature 
haviour of canning materials; whi st 
500°C appears to be appropriate io 
an economic initial installation, it is 
not expected that this can rise by 
much more than 50°C, further devel- 
opments lying in increases of fuel 
rating and achievable irradiation. He 
also assumes that the first of the 
CEGB stations based on this design 
concept will have a rating of 6 MW 
Te of fuel with further advances 
gained from operational experience. A 
given core size reactor output, for in- 
stance, can be almost trebled, 600-800 
s.0., over ratings obtainable from prac 
tical designs of magnox canned metal 
fuels. Hinton considers that the AGR 
will in turn be reaching its limits by 
1970 and new types will replace it, 
either the fast breeder or further high 
temperature gas cooled reactor designs. 


ADVANCED GAS-COOLED REACTORS 

Referring to the AGR, Vaughan 
emphasizes that although fuel rating 
will be very much increased and more 
heat will be extracted per pound of 
gas passing through the core, with the 
raising of steam temperatures and 
pressures and overall thermodynamic 
efficiency in the region of 36-37 
thereby showing a marked advance in 
specific output from the plant, savings 
could be largely offset by the increased 
cost of equipment required to operate 
at higher temperatures (Fig. 3). 

In addition, the design of fuel ele 
ments will be much more complicated 
and the enrichment that will be re 
quired will increase unit cost of fuel 
by a factor of 3 or 4. Fuel replace 
ment cost could be kept down, how- 
ever, by obtaining a much higher 
burn-up. Using uranium dioxide fuel 
and 0-010 in. stainless steel cladding, it 
will be necessary to irradiate to 10,000 
MWD /tonne in order to achieve the 
same replacement cost as that with 
metal fuel at 3000 MWD/tonne. Ac 
curate comparisons with the ‘magnox’ 
reactor are a long way ahead, how 
ever, and they depend very much 
upon the results of an extensive de 
velopment programme. 

King (3) holds out the hope that the 
AGR, with possible installation pe! 
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haps in the late 1960's will eventually 
permit very appreciable economies 
both in capital and running costs to 
the point where it could be competi- 
tive with conventional generating 
plant on base load and, possibly, at 
lower load factors as well. Even lower 
capital and running costs might be 
attained in the early 1970's by a com- 
mercial fast breeder. 

Relatively high capital costs, he 
points out, make it necessary to run 
nuclear stations at high load factors 
of 75% or more, for as long as pos- 
sible during the life of the stations. 
These load factor problems bring into 
focus the need for ambitious schemes 
of pumped water storage for absorb- 
ing as much of the off-peak output as 
possible. The pumped-storage hydro- 
plant such as the 300 MW plant at 
Ffestiniog seemed to be the only prac- 
ticable large-scale method, but even so 
total pumped storage potential in Eng- 
land and Wales and South Scotland 
is not more than 2000 MW. A longer 
term prospect, he considers, would be 
chemical energy storage through the 
fuel cell*; off-peak power from the 
generating stations could then be ap- 
plied to the electrolysis of water to 
produce the hydrogen and oxygen re- 
quired for use in these cells. A further 
possibility is storage by compressed 
air delivered to steel pressure vessels 
or underground caverns. Energy stored 
in this way could be recovered as 
electricity by utilizing the air as a sup- 
ply to a gas turbine using oil fuel. 

Despite the great advances which 
are being achieved in the design of 
boilers and turbo-alternators, the over- 
all efficiency of the steam station is 
necessarily limited by the thermo- 
dynamic cycle on which it works. 
Direct generation, King (3) considers, 
is not subject to this limitation; the 
magnetohydrodynamic concept* for 


* See: Lindley’s article ‘ The Direct Gen- 
eration of Electricity’ on p. 80 of this issue. 
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instance, where gas flows across a 
magnetic field, is promising and could 
render conventional boiler plant power 
undertakings unnecessary. As a poin- 
ter, he referred to the programme 
being undertaken by a group of US 
power undertakings which was looking 
into the possibility of constructing 
large magnetohydrodynamic genera- 
tors of several hundred MW capacity 
at a capital cost comparable with that 
of conventional plant but capable of 
yielding much higher thermal efficien- 
cies than any existing power plant. 
The CEGB had commenced a pro- 
gramme of theoretical and experimen- 
tal studies on this concept but it was 
far too premature to forecast on the 
practical outcome of the work. 


FUTURE RELATIVE COSTS 

The generating industry in the UK 
now has a reasonably free choice be- 
tween three basic fuels, a surplus of 
small untreated coals, oil in good sup- 
ply, and uranium as well. Unless other 
considerations intervene, according to 
Sir Christopher, the relative scale of 
use of each fuel will be governed by 
relative costs. The present nuclear 
programme will allow the earlier nu- 
clear stations to operate at very high 
load factors, by virtue of their charac- 
teristically lower running costs, but 
should the total plant programme 
consist of only nuclear plant, the aver- 
age lifetime load factor would become 
that corresponding to a system load 
factor of perhaps 50% in the 1970's. 
With the present combination of both 
nuclear and coal-fired plant, the load 
factor of the nuclear plant will be 
maintained above this mean value at 
the expense of the load factor of the 
coal-fired plant. 

Choice of type of plant is marginal 
and can only be assessed on marginal 


economic factors dictated by local 
system requirements and the geo- 
graphy of cheap coal sources. In other 
locations both the competition of oil- 
fired stations with marginal different 
capital costs and fuel costs and with 
slightly different operating character- 
istics could be a significant factor in 
the choice of plant. 

Hinton expects the demand for elec- 
tricity to continue exponentially and 
eventually, in the long-term future, 
fossil fuels will be unable to meet the 
eventual demand; then the use of 
nuclear power becomes essential. This 
long-term requirement has to be kept 
in view, therefore, and while relative 
economics over the next ten to twenty 
years will be the major factor in- 
fluencing the relative use of the three 
fuels, nuclear generation techniques 
and an industry ready to apply them 
must be available to meet the ultimate 
demand. Generation costs of nuclear 
plant can only be expected to fall 
with the introduction of more ad- 
vanced designs of reactors and fuels, 
and these gains can only be achieved 
if the nuclear programme is _suffi- 
ciently adequate to allow significant 
advances in reactor design and fuel 
element performance to be made. At 
least one nuclear power station per 
year, he considers, needs to be con- 
structed to achieve these ends. 

Against this must be balanced the 
industrial point of view. Nelson of 
English Electric (2) considers the 
present rate of ordering, which is not 
expected to exceed three stations every 
two years, too slow. Together with 
sharp price competition between the 
nuclear consortia it becomes impos- 
sible to recover in sales the cost of 
maintaining the large teams of engin- 
eers for research and development. 
‘Direct play of free competition in 
the classical sense is no longer real- 
istic” he contends, ‘and if there is to 
be a reasonable assurance of continu- 
ity of employment and a continuity of 
savings to meet the high cost of capi- 
tal investment and development need, 
there must be a tendency toward col- 
laboration between competing manu- 
facturers on price, price negotiation 
between customer and a chosen sup- 
plier, or the amalgamation of com- 
panies into large groups.’ 
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A 150 MW hybrid station will cost less to build and 
run than a comparable single nuclear station; neither, 
however, is cheaper than a conventional station 


The economic use of 


HE ECONOMIC CONSEQUENCES of in- 

stalling a combination of various 
kinds of power station in an electricity 
supply system in an attempt to deter- 
mine the most economic use of con- 
ventional and nuclear fuel are 
examined below. The types of station 
considered are conventional stations, 
nuclear stations and conventionally 
superheated nuclear stations (* hybrid * 
stations). The main parameters used, 
besides the load-duration curve and 
the demand load factor for the system, 
are capital investment (charged at 9-8 
per year) and nuclear and conventional 
fuel costs. The assumptions are fully 
explained in the appendix. 


Comparison between single stations 

Table 1 shows the total kWh costs 
against load factor for the three types 
of station. 

The costs of conventional and 
nuclear stations are taken in agreement 
with published data. For the hybrid 
stations the assumptions for the super- 
heater are conservative. The heat 
capacity of the nuclear part of the 
hybrid station is arbitrarily taken at 
75% of the total heat capacity; the 
station efficiency is taken to be 33 
which is in accordance with reference 
(/). These figures are not necessarily 
an optimum design for a hybrid sta- 
tion, but serve mainly to illustrate 
economic trends. A_ representative 
selection of figures from this table 
are plotted in Fig. 1. 

From Table 1 it can be seen that 
nuclear stations of $350/kWe (£125 
kWe) investment equivalent are not 
competitive with conventional stations, 
even at very high conventional fuel 
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costs. Hybrid stations are always more 


than nuclear 
$350/kWe (£125/kWe) 
equivalent. However, 
investment equivalent of 


economic 


stations of 
investment 
for a nuclear 


$350/kWe 


(£125/kWe), hybrid stations are com- 


petitive at high load factors 
ventional stations, provided 


TABLE 1 Total generating costs at different load factors for 
kWh costs IN mills/kWhe (1 mill 


TOTAL 
CONVENTIONAL STATIONS 


with con- 
that con- 





fucl 


ventional fuel costs are higher than 
about $23/107 kcal (£8-2/10° kcal) 

If the nuclear investment equivalent 
can be brought down to $300/kWe 
(£107/kWe), hybrid stations are com 
petitive with conventional stations 
even at medium load factors, provided 
that conventional fuel costs are higher 


the three types of station 


$0-001 FOR: 














CAPITAL INVESTMENT, $/kWe 150 150 150 
FUEL costs, $/107 kcal 18 23 28 
Load factor, ° 
80 7-09 8-29 9-49 
60 7-79 8-99 10-19 
40 9-17 10-37 11°57 
NUCLEAR STATIONS 
INVESTMENT, $/kWe 350 300 250 
FUEL CosTs, mills/kWhe 2 3 2 3 2 3 
Load factor,%, 
80 8-36 9-36 7°50 8-50 6-68 7-68 
60 10-25 11-25 9-10 10-10 7-94 8-94 
40 14-02 15-02 12-30 13-30 10-55 11°55 
HYBRID STATIONS OF $350/kWe (£125/kWe) NUCLEAR EQUIVALENT 
INVESTMENT, $/kWe 292 292 292 
FUEL COSTS* 2/18 3/18 2/23 3/23 2/28 3/28 
Load factor, °%, 
80 7-68 23 8-01 8-56 8-34 8-89 
60 9-19 9-74 9-52 10-07 9-85 10-40 
40 12-22 12-77 12-55 13-10 12-88 3-43 
HYBRID STATIONS OF $300/kWe (£107/kWe) NUCLEAR EQUIVALENT 
INVESTMENT, $/kWe 260 260 260 
FUEL COSTS* 2/18 3/18 2/23 3/23 2/28 3/28 
Load factor, ° 
80 7-09 7-62 7-40 7-95 7:73 8-28 
60 8-38 8-95 8-71 9-28 9-06 9-51 
40 10-99 11-54 11-32 11-87 11-65 12-20 


*2/18 means 2 mills/kKWhe nuclear fuel equivalent and $18/107 kcal conventional fuel 
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than $23/10% kcal (£8-2/10* kcal). 
Hybrid stations are still more econo- 
mic than nuclear stations at all load 
factors, if the conventional fuel costs 
are not too high. 


Comparison of side-by-side systems 
In this section the economic conse- 


quences for a system operating con- 


50% curve has been synthesized from 
the 45% curve which is taken from 
reference (2). From these curves the 
maximum fractional load factors 
shown in Table 2 have been derived. 
This table shows the well known fact 
that quite a substantial part of the 
total capacity can be operated at high 
load factors. 





HYBRID STATIONS GIVE CHEAPER POWER 


Few of the many economic comparisons made between nuclear stations 
and conventional stations have given detailed consideration to the use of 
a combination of the two types of station in an electricity supply system. 
The possibilities for exploitation of conventionally superheated nuclear 
stations has not been explored. Yet in countries with large national grids, 
where nuclear and conventional stations will be used together for many 
years, the ‘hybrid’ is the most economic answer to getting experience in 
nuclear power generation. Single hybrid stations will have lower capital 
investment and unit costs than comparable single nuclear stations. At pre- 
sent-day cost figures, conventional stations are still more economic. In 
addition, for relatively high conventional fuel costs, the optimum hybrid 
or nuclear capacity seems to be between 40°, and 50% of the total system 
capacity; the remainder will have to be supplied by conventional stations. 








ventional and hybrid stations side-by- 
side will be discussed. Combinations 
consisting of nuclear and conventional 
stations would follow the same trend. 

In such a system hybrid stations 
would supply the base load while con- 
ventional stations supplied the re- 
mainder of the demand. It is obvious 
that it would only be advantageous to 
use both types of station in the system 
if hybrid stations were more econo- 
mic than conventional stations at least 
at high load factors. 

It is necessary to know the load 
duration curve of the system so that 
for each fraction of the total capacity 
the load factor is known. Figure 2 
shows the load duration curves for 
systems having a system load factor 
of 45% and 50% respectively. The 
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If a fraction H of the total capacity 
is installed in hybrid stations these 
stations can be operated at a load 
factor L,, which cannot be higher 
than that given in Table 2. It is also 


TABLE 2 Maximum fractional load factors 





FRACTION FRACTIONAL LOAD FACTOR, %, 

OF TOTAL for system load factor of 

CAPACITY 45%, 50% 
0 i E 
0-1 99 100 
0-2 95 100 
0:3 9] 97 
0-4 84 9] 
0-5 wu 85 
0-6 69 vg 
0-7 63 69 
0-8 56 61-5 
0-9 50 55 
1-0 45 50 


A representative selection of the average 
unit costs against load factor for conven- 
tional stations (C), nuclear stations (N), 
hybrid stations (H), and combinations (N 
& C) and (H & C); nuclear and hybrid 
stations are of $300/kWe (£107/kWe) 
nuclear investment equivalent (Fig. 1) 


assumed that L,, cannot exceed 80%. 
The load factor L, of the remaining 
(dl H) conventional stations is then 
given by 

ws L system — AL, 

Pi l—2 


TABLE 3 Combinations of hybrid stations 
and conventional stations 





AVERAGE 
CAPITAL AVERAGE kWh COSTs, 
H INVESTM., mills 
$/kWe 2/18 2/23 2/28 
0 (J) 150 8-75 9-95 11-15 
0-4 194 8-78 9-35 9-93 
0-6 216 9-06 9-45 9-85 


1-0 (2) 260 =: 10-26 10-62 10-95 


(1) Conventional stations only 
(2) Hybrid stations only 


Knowing the load factors and also 
the specific kWh costs for the two 
types of station, the average kWh 
costs can be calculated for the sys- 
tem where a fraction H of the capa- 
city is installed in hybrid stations. 
These average kWh costs are shown 
in Table 3 for stations of $300/kWe 
(£107/kWe) nuclear investment equiva- 
lent; capital charges are at 9°8% and 
the nuclear fuel is equivalent to 2 
mills/kWhe. The combined load factor. 
which in this case is also the system 
load factor, is taken to be 45%. 

An analogous table can be derived 
for combinations of nuclear and 
conventional stations (N = fraction 
nuclear capacity). (See Table 4). 

For the above system (i.e having 
45% load factor) an optimum com- 
bination exists for a hybrid or nuclear 
capacity between 40% and 50% of 
the total system capacity, provided 
conventional fuel costs are higher than 
about $20/107 kcal (£7:15/107 kcal). 

For conventional fuel costs below 
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about $26/107 kcal (£9-3/107 kcal) the 
systems with hybrid stations give the 
lowest average kWh costs. 

The system load factor of 45 has 
been chosen arbitrarily. For systems 
of other load factors the same cal- 
culations can be performed. The re- 
sults are shown in Figure 1 for com- 
binations of conventional and hybrid 
stations and also for combinations of 
conventional and nuclear stations. 


TABLE 4 Combinations of nuclear and 


conventional stations 





AVERAGE 
CAPITAL AVERAGE kWh Costs, 
N INVESTM., mills 
$/kWe 2/18 2/23 2/28 
0 (J) 150 8-75 9-95 11-15 
0-4 210 9-09 9-43 9-78 
0-6 240 9-59 9-68 9-77 
1-0 (2) 300 11-40 11-40 11-40 


(1) Conventional stations only 


(2) Nuclear stations only 


Improved hybrid stations 

Unlike pumped storage, little atten- 
tion has hitherto been paid to heat 
storage although the latter seems 
economically better suited to take 
care of daily load fluctuations. The 
application of relatively cheap heat 
storage reduces the specific capital 
investment for hybrid stations more 
than for conventional stations, as has 
been mentioned by Marguerre (3). 

There are two possibilities, hot 
water storage and steam storage, which 
can be used separately as well as 
together. 

With hybrid stations part of the 
nuclear capacity can be used at off- 
peak hours to preheat feed water 
which is stored and which can be used 
at peak hours. Then all the (super- 
heated) steam can be used to generate 
electricity and none is necessary for 
preheating the feed water. The gain 
In Capacity is about 5% and the extra 
capital is about $80 (£28-6) per addi- 
tional kW. The fuel costs for the extra 
energy are also lower because no con- 
ventional fuel need be used for the 
feed water preheat. 

With steam storage, medium pres- 
sure steam can be bled from the tur- 
bines at off-peak hours to storage. At 
peak hours this steam can be passed 
through an extra turbine generator 
set. The gain in capacity is at least 
10% and the capital necessary is also 
$80 (£28-6) per additional kW capa- 
city. 

These heat storage methods can 
both be used very effectively with 
hybrid stations. Steam storage is less 
attractive for wholly nuclear stations 
because of the already low quality of 
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the nuclear steam. Neither can hot 
water storage be applied as economic- 
ally as in stations operating on high 
quality steam. 

Table 5 gives the total kWh costs 
for hybrid stations of $300/kWe 
(£107/kWe) nuclear equivalent using 
heat storage at a maximum of 10% 
of the total capacity. 


TABLE 5 Total costs of hybrid stations 
using heat storage 





LOAD AVERAGE COSTS, mills/kWhe 
FACTOR, °/, 2/18 2/23 2/28 
~ 80* 7-09 7-40 7-73 

60 7-98 8-31 8-66 
40 10-39 10-72 11-05 


*It is assumed that no off-peak hours 
are available to stations operating at 80°, 
load factor. 


By comparison with Table 1 the 
advantage of heat storage at lower 
load factors is clearly shown. 

It also follows that hybrid stations 
of $300/kWe (£107/kWe) nuclear 
equivalent but with heat storage are 
more economic than conventional sta- 
tions at medium load factors even for 
conventional fuel costs slightly lower 
than $23/107 kcal (£8-2/107 kcal). 

The idea of intermittent superheat 
which has also been discussed by 
Marguerre (3) can be realized for a 


TABLE 6 Intermittent hybrid with extra 
turbine; nuclear efficiency 28%, 








LOAD AVERAGE COSTS, mills /kWh 
FACTOR, ° 2/18 2/2 2/18 
80 7-60 7:93 8-26 
69 8-19 8-43 8-67 
56 9-24 9-36 9-48 

45 10-70 10-74 
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hybrid station by the installation of an 
additional turbine generator set for the 
low quality nuclear steam. In this case 
the superheater is in operation at peak 
loads only while the constant 
load is supplied by the nuclear part. 

The extra capital involved is 
assumed to be $33/kWe (£11°9/kWe) 
of station capacity. However, the extra 
turbine generator set would be advan 
tageous only for stations which are 
operated at relatively low load factors 
as will be seen by comparing Table 6 
with Table 1. 

It also seems possible (3) and it is 
in fact more profitable to use the 
existing turbine generator set. This can 
be done if the change to the new 
turbine temperature is very smooth, 
at a rate of about 3°C/min. The loss 
in efficiency because of the non 
adapted turbines can in some cases be 
offset by the reduction in average fuel 
costs and by the better use of the 
station. 

Table 7 shows the kWh costs of 
hybrid stations with intermittent super 
heat against load factor without extra 
turbine generators. The non-adapted 
turbine system has an efficiency of 
22% instead of 28% for the system 
using an extra turbine. 

It can be seen that for conventional 
fuel costs higher than about $23/10" 
kcal (£8-2/107 kcal) it is advantageous 


TABLE 7 Intermittent hybrid without 
extra turbine; nuclear efficiency 22° 


base 





LOAD AVERAGE COSTS, mills /kWh 
FACTOR, °/, 2/18 2/2 2/28 
80 7-09 7-40 7:73 

69 7°73 8-00 8-28 

56 8-85 9-04 9-23 

45 10-27 10-37 10-47 
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. operate the hybrid station with in- 
t« mittent superheat. This is especially 
t case at low load factors. The 
a vantage of intermittent superheat is 
ac -entuated if the loss of turbine effi- 
ciency when operating without super- 
heat is less than is assumed here. 


Other aspects of hybrid stations 


in many countries the building of 
nuclear power stations is bound up 
with questions of prestige and strategy. 
For these reasons wholly nuclear 
stations seem to be preferred a priori 
to hybrid ones. Furthermore there 
might be a feeling that the hybrid 
station would have to rely on the con- 
ventional fuels which it was hoped 
atomic power would save. Yet in coun- 
tries with large electricity supply sys- 
tems which will have to employ both 
nuclear and conventional stations side- 
by-side for many years, the hybrid is 
the most economic solution for obtain- 
ing experience in nuclear power gen- 
eration. Furthermore it would be pos- 
sible to design the station in such a 
way that it could operate without 
superheat in an emergency, so that the 
station could run on nuclear power 
alone if necessary. 

There are signs that more and more 
attention is being paid to real econo- 
mics. It is interesting to quote (4) in 
this respect USAEC Chairman John 
McCone who said on 25 August, 1959, 
before the Joint Committee on Atomic 
Energy: ‘The importance of super- 
heat in water reactor systems has been 
stressed by Commission testimony on 
various occasions in the past... . It 
is Of interest in this regard that all 
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Cost assumptions 


In calculating the kWh costs for the stations 
these are assumed to be all of the same 
maximum heat capacity (600 MWt), This is 
because nuclear station costs are mainly 
determined by heat capacity, and are ex- 
pected to be only marginally affected by 
efliciency (at least for relatively high effi- 
ciencies). 

In arriving at capital charges, 20 year 
station life and 6% interest rate are assumed, 
giving an amortization rate of 9-5%, includ- 
ing interest during construction. 

Other assumptions are: 

Conventional stations Capital investment 
$150/kWe (£55-3/kWe) capacity. Fuel con- 
sumption 2400 kcal/kWhe ~ 9500 Btu/kWhe. 
Insurance 0-2% per year on capital. Opera- 
tion and maintenance 0-7 mills/kWhe. Con- 
ventional fuel costs at $18, $23 and $28/10° 
kcal, which are equivalent to 4-32, 5-52 and 
6-72 mills/kWhe. 

Nuclear stations Capital investment $350/ 
kKWe (£125/kWe) (present day); $300/kWe 
(t107/kWe) (within 5-10 years); $250/kWe 
(t89/kWe) (future). Uranium inventory $90 
(£32), $70 (£25) and $50 (£17-9) per kWe 
respectively. Insurance 0-3% per year on 
capital. Operation and maintenance 0-7 mills/ 
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public and cooperative utilities answer- 
ing a recent Commission questionnaire 
indicated a need for superheating 
steam. Pending the development of 
suitable nuclear superheat techniques, 
it will be necessary to use fossil-fired 
superheaters to meet this need.’ 

It has been alleged that the difficul- 
ties of finding suitable sites for nuclear 
plant would be even greater for hybrid 
stations, because of the additional 
problem of conventional fuel supplies. 
On the other hand, if the hybrid 
station was situated near a refinery or 
a natural gas field, conventional fuel 
supplies would be readily available. 
There might also be a large local mar- 
ket for electricity and/or steam which 
would consequently increase the base 
load of the hybrid station. 

In addition the higher efficiency of 
hybrid stations makes the cooling 
water requirements less stringent. In 
this respect more sites might be avail- 
able for locating hybrid stations than 
nuclear stations. 

Finally the fact that hybrid stations 
do not require so very high load fac- 
tors to be competitive as the nuclear 
stations may help in alleviating the 
difficulty and complexity of refuelling 
under load. 

Thus the examination of the econo- 
mic use of conventional and nuclear 
fuel in a electricity supply system 
shows that: 

(a) At present-day capital and fuel 
cost structure, nuclear power is not 
economic. 

(b) In relatively high fuel cost areas 
nuclear power may become competi- 
tive for base load operation, peak load 


kWhe (low). Nuclear fuel costs, excluding 
inventory charges, are 2 and 3 mills/kWhe 
which have been estimated for future stations. 
Hybrid stations The capital investment of a 
hybrid station depends of course on the 
thermal capacity of the nuclear part and on 
the eléctrical capacity of the superheater 
part. To ailow for the smaller size of the 
nuclear part in the hybrid stations, its total 
capital investment is taken to be propor- 
tional to the capacity to the power 0-6. 

Parameters used are 7, and 7, (station 
and nuclear part efficiency) and y which is 
the ratio 

nuclear heat capacity 


hybrid heat capacity 
Using these parameters, the nuclear part 
excluding the turbine-generator sets would 
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cost — X y0’6 $/kWe station capacity (which 
1. 
is equivalent to a nuclear station of $350/ 
kWe (£125/kWe) investment). 
For $300/kWe nuclear investment equiva- 
lent (£107/kWe) the nuclear part of the 
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UP 


station capacity. 


still being supplied by conventional 
stations. 

(c) Better use can be made of nuclear 
and conventional fuel in hybrid sta- 
tions, which are always more economic 
than nuclear stations except in very 
high fuel cost areas. 

(d) Hybrid stations are also more 
economic than nuclear stations in high 
fuel cost areas if the specific nuclear 
investment is not below $300/kWe 
(£107/kWe). 

(e) The use of heat storage and in 
some cases also the use of intermittent 
superheat will increase the advantage 
of hybrid stations over nuclear stations 
significantly. 

(f) The arguments against hybrid 
stations are mainly non-economic and 
have to be weighed against other non- 
economic and economic factors. 
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1s 
generator costs are taken to be $45/kWe 
(£16/kWe) station capacity. 

For the purpose of this paper we take 
n, 33%, 7, = 28% and y = 0-75 (J). The 
capital investment of the hybrid station is 
then respectively $292/kWe (£104/kWe) (for 
$350/kWe (£125/kWe) nuclear investment 
equivalent) and $260/kWe (£93/kWe) (for 
$300/kWe (£107/kWe) nuclear investment 
equivalent). 

Uranium inventory is respectively $57 
(£20) and $45 (£16) per kWe station capa- 
city. Nuclear fuel costs are respectively 1-27 
and 1-82 mills/kWhe which are equivalent to 
2 and 3 mills/kWhe nuclear station fuel costs. 

Conventional fuel costs at $18 (£6°5), $23 
(£8:2) and $28 (£10) per 10° kcal lead to spe- 
cific conventional fuel costs for the hybrid 
station of respectively 1-17, 1-50 and 1-83 
mills/kWhe sent out. 

Insurance costs are 0-3% of the capital. 
Operation and maintenance are 0-7 mills/ 
kWhe. 
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THE DIRECT 
GENERATION 


OF ELECTRICITY—2 


by B. C. LINDLEY, B.Sc.(Eng.) 
C. A. Parsons and Co. Ltd. 


Nuclear Research Centre, Newcastle upon Tyne 


HE LONG-TERM development of the fuel cell as a means 
Be energy storage may lighten the burden on the elec- 
tricity distribution system by levelling local and national 
peak demands. Successful development of a magneto- 
hydrodynamic process offers the spectacular possibility of 
abundant supplies of cheap electric power. These possi- 
bilities were discussed at the recent conferences at Madrid 
and Bournemouth (see this issue p. 75). 


MAGNETOHYDRODYNAMIC GENERATION 

If a stream of electrically-conducting fluid is allowed 
to interact with a magnetic or electric field, the possibility 
arises of converting the kinetic energy of the stream to 
electrical power (/4, /5, /6, 1/7). The requirement for trans- 
forming thermal to directed kinetic energy means that the 
working fluid must be a gas. In principle the *‘ magneto- 
hydrodynamic” generator is exactly the same as a conven- 
tional alternator in which the directed kinetic energy of 
the metallic conductors in the rotor is converted to elec- 
trical power. If the electrical conductors can be replaced 
by the moving combustion gases or reactor coolant the 
working fluid itself becomes the prime mover. 
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NO MOVING PARTS IN THESE 
ELECTRICITY GENERATORS 


@ Thermoelectric, using semiconductor 


materials 

@ Thermionic, based on the emission of 
electrons from a heated surface 

@ Magnetohydrodynamic, based on the in- 
teraction of an electrically conducting fluid 
with a magnetic field 

@ Electrochemical fuel cell in which the 
process of electrolysis is reversed 


In the first three methods, heat has to be 
first produced and is then converted into 
electrical energy; in the fuel cell, chemical 
energy is converted directly into electrical 
energy. 


The second part of our article on direct 
conversion deals with magnetohydrodynamic 
generation and the use of the fuel cell 


The electrical conductivity, o, is given approximately by 


o Roe fp. TN, Cy p 


with the symbols given in last month’s article and 
in general, the ion current contribution may be neglected 
High electrical conductivity requires a high concen 
tration of free electrons and a high elec. ron mobility 
Gases at low temperature are electrical insulators, the con 
centration of free electrons being negligible; high tem- 
perature and low pressure enhance dissociation into ions 
and free electrons. Even at flame temperatures, however. 
in the range 2000° to 3000°C, the free electron concentra 
tion is small and it is only at very high temperatures 
(above 10,000°C) that gases become ionized to an appre 
ciable extent. In a full-ionized plasma, at very low pressure 
and temperature above 10*°C, the electrical conductivity 
can be higher than for metals at ambient temperature. 

For the proposed method of generation to be feasible. 
at the fairly low gas temperatures attainable with present 
thermal energy sources, it will usually be necessary to 
introduce electrically charged particles into the gas stream 
by auxiliary means to increase the electrical conductivity 
to a significant value. 

Combustion gases and gases at present considered suit 
able as reactor coolants have high ionization potentials, 
in the range 12 to 16 eV. However, the injection of a very 
small concentration of a substance with low ionization 
potential leads to a disproportionately high increase in 
electrical conductivity. Suitable substances are the alkali 
metals: sodium (5-14 eV), potassium (4°33 eV) and caesium 
(3-88 eV), the latter being attractive only for closed cycle 
systems because of the high cost. The electron concentra 
tion due to the addition of a small concentration of an 
alkali metal M may be calculated from the Saha equation: 


5 V 
log,, K, > lobo T — 5040 — 6-49 


where K, [M*] [e]/[M] is the equilibrium constant for 
the reaction M=—=M++e. [A+] = [e] for charge balance 


NUCLEAR POWER July 1960 








on 
in 
ali 
im 


for 


nce 





ar i, since the total ionization is small, [M] [M,] where 
[\.,] is the metal concentration expressed as a partial 
pr.ssure. Figures 5 and 6 show the fractional ionizations 
(n. n,) and electrical conductivities of combustion gases 
an | of helium, at atmospheric pressure and with additions 
potassium and caesium respectively ; data on electron 
mobility given by Meek and Craggs (/8) were used. Above 
about 0°1% fractional ionization the electrical conductivity 
increases much less steeply with temperature due to an 
increase in collision cross-section and reduction in mobil- 
ity; a gas with 0°1% fractional ionization is almost as 
good a conductor as if it were completely ionized. Modi- 
fications also occur if the ions and electrons are not in 
thermodynamic equilibrium, in the presence of magnetic 
fields, and if the gases contain electronegative constituents, 
such as chlorine, water vapour, oxygen and carbon diox- 
ide, which will capture electrons. Although the electron con- 
centration increases with pressure the mobility, a function of 
the electron mean free path, is reduced; the conductivity 
is thus insensitive to pressure Over a wide range. 
Interaction with magnetic fields can result in energy 
transfer from the charged particles only, whereas most 
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Electrical conducti- 
vity of helium con- 
taining small con- 
centrations of 
caesium vapour, as 
a function of tem- 
perature at atmos- 
pheric pressure 
(Fig. 6) 
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ot the kinetic energy in the gas stream is carried by un- 
charged particles, since the achievable ionization corres- 
ponds to a very small fraction of the molecules. A mech- 
anism has therefore to exist for the transfer of kinetic 
energy from the uncharged to the charged particles. In the 
metallic conductors of a conventional alternator, this pro- 
cess takes place through the positive nuclei in the crystal 
lattice. When moved in the magnetic field, electrons flow- 
ing in the metal experience a retarding force which is 
transmitted to the positive nuclei by attraction forces. 
Since the nuclei are fixed in the crystal lattice, the whole 
conductor loses kinetic energy. The process is only possible 
because most of the atoms contribute conduction electrons 
and the atomic particles are so close that interparticle 
forces are very large. 

These conditions are not satisfied in a gas ; energy trans- 
fer must be by attractive forces and collisions between 
particles. The transfer of energy from the gas stream 
to an external load circuit results in retardation of the 
electrons; a possible mechanism is that the attractive 
forces retard the positive ions and energy is transferred 
from the gas molecules by direct elastic collisions. 
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(T, — T.)/T: and Mach number for helium as a function of 
expansion pressure ratio and nozzle isentropic efficiency 
(Fig. 7) 


In the simplest conception of the magnetohydrodynamic 
generator (/3), a transverse magnetic field is imposed and 
the output voltage is produced in a mutually perpendicular 
direction. To maintain charge continuity, electrons must 
be injected continuously, for example by a thermionic 
cathode. A similar scheme, but with radial geometry, is 
also possible; in this a radial magnetic field deflects the 
electrons to give a circumferential flow while the positive 
ions, having a mass thousands of times greater than the 
electrons, continue in the axial direction but suffer retard- 
ation through the attractive forces of the electrons. 

Induction methods, producing alternating current, are 
more attractive in many respects than those requiring 
electron removal and injection. The load circuit does not 
include the gas, but the transfer of energy is nevertheless 
dependent on currents flowing in the gas. In one arrange- 
ment a circumferential alternating electron current, pro- 
duced by an alternating radial magnetic field, acts as a 
primary transformer current coupled into a secondary out- 
put winding. Other schemes can be conceived in which 
energy is extracted from a pulsed stream of ionized par- 
ticles; if the pulsed ionization is thermal, the mean elec- 
trical conductivity is considerably greater than would 
correspond to the mean temperature of the gas, and the 
materials problem is eased. 

The design parameters of a magnetohydrodynamic 
generator are discussed by Sutton (/9,20), by Neuringer (2/) 
and by Carabateas and Hatsopoulos (22). The results of 
experiments are reported by Rosa (23) and by Foshag and 
Were (24); Sporn and Kantrowitz (25, 26) give details of 
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studies of large-scale systems. To achieve high generator 
efficiency the cycle efficiency of the expansion process must 
itself be high; if the gas is expanded from pressure P, to 
pressure P, the corresponding temperature function 
(T,—T,)/T, represents the maximum achievable efficiency. 
Figures 7 and 8 show flow parameters for helium. In view 
of its complete chemical inertness, helium would probably 
be used as the coolant in very high temperature thermal 
breeder reactors. High pressure ratios and supersonic flow 
are necessary if the efficiency is to be high; however, the 
temperature and pressure are constant in the generator 
duct so that the electrical conductivity does not vary. If 
the velocity is kept constant, the temperature and pressure 
vary, and the electrical conductivity varies over a wide 
range; this characteristic would lead to instability and 
losses. Problems will undoubtedly arise in the design of 
large supersonic nozzles, although similar configurations 
are used in wind tunnels and for rocket propulsion. 
Figure 9 shows a rough estimate of the size of a 100 
MWe generator. as a function of the gas electrical con- 
ductivity. An induced voltage of 100V/cm width of 
duct corresponds, for example, to a velocity of 4000 ms 


1000 


fi 


of duct 





width 








C 107? 107! ’ on 
electrical conductivity, mho/em 
Approximate width of magnetohydrodynamic generator duct 


as a2 function of gas electrical conductivity for various 
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(Fig. 9) 


and a magnetic field of 25,000 G. Fig. 10 shows the size 
for a range of power output, with an induced voltage of 
100 V/cm. 

The high temperature region in the combustion chamber 
or at exit from the reactor will facilitate ionization. The 
rapid reduction in temperature during expansion may not 
have an immediate effect on the ion-electron concentration 
(although recombination rates are increased at lower 
temperatures), since the time interval for passage through 
the expansion nozzle will generally be only a few milli- 
seconds. There is thus an incentive to reduce the length 
of the expansion nozzle and generator duct. From every 
other consideration the generator design becomes more 
favourable as the size is increased since, relative to the 
output, heat losses, electrode losses and field coil weight 
and power consumption are all reduced. Isothermal expan- 
sion, if required, could be achieved readily in a combustor 
by burning fuel in the expansion nozzle, although in a 
reactor the increased voidage necessary would probably 
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have too great an effect on the fuel investment. A furt 
interesting possibility is the use of a condensing caesit 
vapour cycle, probably with a fast reactor; the electri 
conductivity of the pure vapour will be higher than fo 
1°. concentration by a factor of about 10. 


THE FUEL CELL 

The fuel cell is a primary electrochemical system in 
which a fuel is oxidized and a substantial fraction of the 
free energy of the reaction is converted directly to elec 
trical energy. The process is clearly the reverse of electro 
lysis. Fuel is supplied to a negative electrode and the 
oxidant to a positive electrode; the two electrodes (cathode 
and anode respectively) are electrochemically connected 
through an electrolyte which prevents mixing of the fuel 
and oxidant but provides an electronically insulating and 
electrolytically conducting linkage. 

The maximum energy available for conversion to elec 
trical energy, if the reaction 

fuel + oxidant — reaction products 
is carried out isothermally and reversibly. is 
\G = AH -TAS 
The heat 7/\S absorbed or liberated in the reaction is 
exchanged with the surroundings. The change in free 
energy also determines the cell voltage. Thus 
AG =V,It 

for the isothermal reversible reaction producing current 
! for time t. The energy changes in the chemical reactions 
of practical interest are such that the open circuit voltage 
of a single fuel cell is limited to about | V. Figure 1! 
shows the effect of temperature and pressure on the theo- 
retical open circuit voltage of a cell operating on hydrogen 
and oxygen. In a practical cell the losses are due to 
internal resistance, activation polarization resulting from 
the irreversibility of electrode reactions and concentration 
polarization caused by the accumulation of charge at the 
electrode-electrolyte interface. An important disadvantage 
is that, even with extensive series connection, relatively 
low voltage d.c. will be produced; the transmission of 
power will require costly plant for inversion and trans- 
formation to high voltage a.c. 

The basic development problem is to increase the chem!- 
cal reaction rates (for example, by increasing the tem- 
perature, pressure and surface area of the reactants, and 
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b. using catalysts) until the specific power output becomes 
} zh enough for economic operation on a large scale. 

Fuel cells under present development may be classified 
o three main types: 


|. Cells which operate on hydrogen and oxygen (27, 28) 
with aqueous electrolytes and which function at tem- 
peratures from ambient to 250°C and at atmospheric or 
appreciably higher pressures. These low temperature 
cells require pure hydrogen as the fuel, since impurities 
lead to poisoning of the electrode catalyst and a con- 
siderable reduction in performance; no other fuel gives 
equivalent reaction rates at low temperature. 

2. Redox cells (29,30) in which intermediate charge 
carriers pass through the cell itself and are regenerated 
externally by reaction with the fuel and oxidant, the 
net reaction being equivalent to that of fuel combus- 
tion. The claimed advantage, to offset the complexity of 
the system, is that the generation, reduction and oxida- 
tion reaction can take place independently, each under 
optimum conditions. 

3. High temperature cells (3/, 32,33) which operate at 
temperatures above 500°C using a molten salt electro- 
lyte, either as the liquid only or incorporated in a 
porous ceramic matrix. These cells can accept a wide 
range of gaseous fuels, with atmospheric air as the 
oxidant. 


For large-scale electrical power generation, the develop- 
ment of cells to operate directly on coke, coal or crude 
oil has so far been unsuccessful. More promising is the 
use of fuel gases (hydrogen, carbon monoxide and hydro- 
carbons), derived from coal or oil gasification processes, in 
conjunction with a high temperature fuel cell. 

For large-scale electrical storage the low temperature 
high pressure hydrogen-oxygen cell may find application 
with nuclear power plant and high pressure water electro- 
lyzers, enabling the reactor installation to operate at a 
high load factor. The stored energy would be released a! 
peak demand periods through the fuel cells. This type of 
cell is also attractive for traction purposes, the successful 
application depending on the cost of high purity hydrogen 
and oxygen and on the methods of storing these gases. 

An interesting closed-cycle system is one in which the 
fuel cell reactants are regenerated by thermal dissociation 
in a nuclear reactor. Applications in the manufacture of 
industrial chemicals and as special-purpose power units 
may also be attractive. 

In general, fuel cells have reached a stage where a large- 
scale research effort is required if any of the potential 
advantages and applications are to be realised (34). 


POSSIBILITIES FOR THE FUTURE 

Three of the methods for the direct generation of elec- 
tricity permit a very considerable increase in the maximum 
cycle temperature of heat engines for the large-scale pro- 
duction of electrical energy and hence, potentially, a very 
worthwhile gain in thermal efficiency, coupled with reduc- 
tions in capital cost. 

The envisaged temperatures, in the range 1500° to 3000°C. 
are achievable by the combustion with air of fossil fuels 
and will eventually be attained in highly-developed forms 
of nuclear fission reactor. Acute problems arise in operat- 
ing open-cycle combustion systems at very high tempera- 
tures; a nuclear reactor is the most suitable heat source. 
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The utilization of higher ranges of temperature to 
achieve high thermal efficiency in gas-cooled reactor plant 
may be realized in two stages, typified by overall thermal 
efficiencies of 50% and 60%, respectively: first, the use of 
thermionic diode fuel elements, followed later by forms 
of magnetohydrodynamic generator coupled to a very high 
temperature reactor, in both systems incorporating a steam 
cycle over the lower range of temperature. The fuel cell 
may find application, in conjunction with high pressure 
water electrolyzers, as an economic means of increasing 
the operating load factor of nuclear installations. 

The present concepts of direct generation are perhaps 
rather crude and long-term research in this field is likely 
to lead to more sophisticated solutions. Direct generation 
systems are still in their infancy but they may well alter 
or modify present-day conventional heat engine cycles. 
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HE ADVANCED gas-cooled reactor 
tees enriched fuel and operating 
at higher temperatures and pressures 
than the civil magnox stations, should 
have a 33% gross efficiency as opposed 
to the 25-30%, of the civil stations. But 
it is estimated that an optimized power 
reactor with a modern turboalternator 
could have a net station efficiency of 
38%. According to Sir William Cook 
such a station could be in operation 
before 1970 and would produce elec- 
tricity at the competitive price of 0-5d 
kWh. The aGRr will have lower capital 
costs due to its increased fuel ratings 
and smaller size though these are 
somewhat offset by the higher fue! 
costs. The future of the AGR is dis- 
cussed in the report on nuclear power 
costs, p. 73 this issue. 


THE REACTOR 

The reactor will have a_ triangu- 
lar lattice which will be more efficient 
than the square lattices used at present 
(with the exception of Tokai-Mura).To 
withstand the higher temperatures, the 
fuel will be canned in either beryllium 
or stainless steel and will be in the 
form of pencil clusters. The reactor is 
being built to demonstrate the feasi- 
bility of operation at power and to 
obtain information about fuel element 
behaviour under high flux and tem- 
perature conditions. It is designed for 
maximum flux range rather than maxi- 
mum output and is, therefore, not flat- 
tened ; it will be refuelled on pressure 
and individual channels will be 
“gagged” for mass control experi- 
ments. Five separate test loops are also 
incorporated and these each have 
their own coolant and heat removal 
systems. 


Special features 

A neutron shield made up of layers 
of graphite and boron steel is mounted 
immediately above the core; this 
allows controlled access to the inside 
of the upper shell with fuel discharged 
and also the possibility of replacing 
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the core at some later stage if so 
desired. To overcome the higher ex- 
pansion cycles at high operating tem- 
peratures, the reactor vessel and four 
heat exchangers are mounted on a 
coplanar support which eliminates ver- 
tical expansion problems. Tempera- 
ture and pressure effects are separated 
by use of re-entrant flow. Full pres- 
sure is taken by the external shell 
which is cooled by the incoming gas 
with the internal shell only taking the 
28 Ib/in? differential pressure provided 
by the circulator to give the necessary 
mass flow. The re-entrant principle is 
also adopted in the core, some of the 





THREE-QUARTERS FINISHED 


The AGR, begun in October 1958, 
should be completed in April 1961 
and at design power in October 
1961. The project as a whole com- 
prises two reactors, the AGR pro- 
totype and Hero—a high tempera- 
ture zero energy critical facility— 
together with four subsidiary facili- 
ties. Total cost will be in the region 
of £12M, with the AGR accounting 
for £9M. 











inlet gas flowing down passages in the 
graphite. Some heat is generated in 
the graphite which will operate at tem- 
peratures slightly higher than the inlet 
gas temperatures and high enough to 
prevent a build up of Wigner energy. 
One advantage of the design is that 
variations in temperature of fuel and 
coolant will have little effect on the 
moderator temperature. Re-entrant 
flow in the heat exchangers means that 
the economizer will be at the top, thus 
aiding natural circulation in the event 
of a blower failure; this process is 
augmented by facilities for injecting 
mains water. The circulator and drive 
are incorporated in a bell extension 
at the bottom of the heat exchanger 
so that rotating gas seals are not re- 
quired. Each of the 253 channels has 
its own branch, allowing complete 
stringers of fuel elements to be with- 
drawn, together with shield plugs, as 





Building the AGF: 


by DAVID IGGULDEN, BSc. 


single units. A sleeve valve at each 
gas outlet manifold is adjustable from 
the refuelling floor and allows indi 
dual flow control of all channels 


OTHER FACILITIES 

While the aGr will provide inform. 
tion about fuel element behaviour, 
Hero is designed to supply reactor 
physics information at high tempera 
tures. The core arrangement in Hero 
is flexible enough to allow variations 
on the AGR arrangement to be investi 
gated. It will use the same fuel ele 
ments as the AGR and measurements 
will be made of flux distributions in 
the core, the effect of changing the fuel 
element pitch, and the effect of various 
differences in temperature between the 
fuel and graphite. The biological shield 
is complete and the blowers, heaters, 
and sections of the stainless steel 
reactor vessel are due to arrive soon 
(see Worldview this month). Hero is 
being built in a blower house of one of 
the shut-down Windscale piles ; nearby 
in the same building are some of the 
facilities providing physics information 
for the AGR design. 

Already in operation is a large ex 
ponential pile using Calder Hall fuel 
and graphite, experiments on a square 
lattice are complete and it is now being 
rebuilt with a triangular lattice. Next 


Plates for the containment shell are 

turned over and welded on both sides 

in the ‘down-hand’ position with this 
manipulator (Fig. 1) 





NUCLEAR POWER July 1960 








tel 
US 
he 
id 


2el 
on 

IS 
ot 
by 
he 
on 


60 





to he exponential pile is a Fine Struc- 
tu'e Stack on which design work has 
ben completed and it should be in 
op-ration by the late summer. Power- 
fui neutron sources in the base of this 
stack, which will be similar to part of 
the AGR core and is below critical size, 
will provide detailed information 
about flux configuration near fuel ele- 
ments and in the moderator. The 
Approach to Critical Stack will be 
commissioned in September this year 
and will aid in the starting of Hero 
and the AGR. The fourth facility is the 
aGR Fine Structure Stack which is simi- 
lar to the stack already mentioned 
but will be driven by a neutron beam 
from the AGR. 


PROGRESS 

The containment building 

This building houses the reactor, the 
four heat exchangers and circulators, 
the refuelling machine, and associated 
ancillary plant. The upper hemispheri- 
cal dome is 135 ft in diameter and the 
lower conical section is 76 ft 8 in. in 
diameter at the base. The time taken 
from design to completion of testing 
is about 18 months; the lower part 
and some of the hemispherical dome 


FACTS AND FIGURES FOR THE AGR 


(for large colour drawing see NUCLEAR POWER, January 1959) 


POWER DATA 


are already completed. Figure | shows 
the manipulator which allows the 
plates for the containment to be butt- 
welded down-hand before erection. 

Separate air locks are provided for 
personnel and goods and there is an 
emergency air lock in the case of an 
accident. Air locks are also provided 
for the passage in and out of new and 
used fuel. The building is designed to 
withstand an internal pressure of 101 
lb/in? at plate temperatures of 70°C; 
this would contain the contents of the 
main circuits in the case of an in- 
cident. The building will also with- 
stand a number of imposed loads in- 
cluding snow loads, wind velocity, that 
of personnel and goods through air 
locks, the weight of the building, 
external gantry walkway, etc. 

All plates have been tested ultra- 
sonically at the works and the edges 
examined by magnetic crack detection 
equipment after preparation. The 
plates for the parallel courses are of 
carbon boiler plate steel and vary in 
thickness between 0:5 in. and 1-75 in. 
All welds are radiographically tested 
before further operations are begun. 

The containment building, when 
completed, will be given a structural 


MODERATOR DATA 


Total weight 


Number of bricks 


Reactor heat output 100 MW 
Gross electrical output 33 MW CONTROL RODS 
Net electrical output 27-3 MW 


Steam conditions: 
Pressure at T.S.V. 
Temperature at T.S.V. 


650 Ib /in2g 
850°F (454°C) 


Number 
Absorber 


Flow 313,400 Ib/h 


Dump condenser rating 


NUCLEAR DATA 
Average fuel rating 
Maximum fuel rating 
Weight of fuel 
Enrichment of fuel 1-75 


FUEL ELEMENT DATA 


8-6 MW/tonne uranium 
19-5 MW 
13-2 tonnes 
U-235 (This allows for 
internal loops, 20°% charge 
in stainless steel cans and 
burn-up to 10,000 MWd/Te) 


Full load 


REACTOR VESSEL 
Diameter 
Height 


tonne uranium 


Weight 
Material 


Size of graphite core 
Thickness of reflector 


Method of control 


pneumatic pressure test at 0-3 lb/in* 
external pressure followed by 12°5 Ib, 
in? internal pressure. After the pres- 
sure test the building will be held at 
101b/in? internal pressure for three 
days to check that the permissible 
leakage rate of 0-°1% net volume/24h 
is not exceeded. 

The magazine storage for discharged 
fuel-element stringers, known as the 
carousel, has similar but less stringent 
design conditions as the containment 
building. 


Refuelling machine 


This machine is now under con- 
struction and is capable of removing 
and replacing at full pressure three 
complete fuel element stringers per 
day. The machine stands 65 ft high 
and weighs some 400 tons and consists 
of a Normal Handling Pressure Vessel, 
2 ft in diameter and 56 ft high, built 
up on a crab and gantry (see Fig. 2). 
There is, in addition, a Special Hand- 
ling Pressure Vessel in case of emerg- 
ency or for special operations. Some 
200 tons of cast iron and laminated 
wood shield these vessels against 
gamma and fast neutron radiation. 


14ft high X 15ft nom. dia. 
20 in. radial; 24 in. axial 
210 tons 

3000 approx. 


COARSE FINE 
12 3 
boron Steel stainless steel 
manual manual / auto. on channel 


outlet gas temperature 


21 ft internal 
53 ft 6in. overall 


Thickness—plain strakes of 
barrel 
support strakes 
Number of strakes 


2% in. 

43 in. and 34 in. 

5 + top and bottom domes 
250 tons 

aluminium-killed grain-con- 
trolled mild steel 


Each channel contains 4 sub-assemblies linked together, HEAT EXCHANGERS (see Fig. 3) 
each contained in a graphite sleeve, 5 in. outside diameter. Number 4 
The sub-assembly consists of clusters of rods, end to end. Height 67 ft 9 in. 
Beryllium canned UO, fuel elements (80°% of charge): Diameter 11 ft 
Can thickness 0-040 in. Thickness—main body 1, in. 
3 clusters X 36 rods bottom strake 24 in. 
Fuel rod diameter 0:3 in. Heat transfer area 
Nominal maximum can temperature 600°C (per unit)—economizer 11,750 ft? 
Stainless steel canned UO, fuel elements (20% of charge): evaporator 30.800 ft? 
Spiral fins 0-006 in. high about 0-5 in. apart su perheater 4240 ft? 
Can thickness 0-010 and 0-015 in. 
2 clusters X 21 rods REFUELLING MACHINE 
Fuel rod diameter 0-4 in. Height 60 ft 
Nominal maximum can temperature 650°¢ Weight 400 tons 
Expected burn-up 10,000 MWd/tonne (peak) Speed of traverse 4 ft/min 
Speed of travel 10 ft/min 
COOLANT DATA Hoist and lower speed 1 ft/min 


Reactor inlet temperature 
Reactor outlet temperature 
Weight of CO, in circuit 
Rate of circulation 
Working pressure 
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250°C-325°C 

500°C-575°C 

14 tons approx. 

760 Ib/s (about 20 tons/min.) 
270 Ib/in?g 


EMERGENCY SHUT DOWN 
Neutron absorber 


Total reactivity absorbed 
Number of channels occupied — 8 provisionally 


1-4%, boron stainless steel 
balls 
about 6% 
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When refuelling, a nose is extended 
from the Handling Vessel and a seal 
is effected between machine and stand- 
pipe. Before extending the nose, a 
connection is made manually between 
the machine and fuel element plug. 
The fuel element stringer is then 
slowly hoisted into the three-position 
magazine which is rotated and a new 
fuel element stringer lowered into the 
reactor. The fuel elements are con- 
tinually cooled in the machine by a 
separate circuit until disposal. The 
pressure vessels and coolant circuit are 
designed to a pressure of 500 1b/in*, 
and the design temperature of mosi 
parts of the machine is 325°C, but is 
400°C in some cases. A novel circula- 
tor ensures continuity of cooling over 
the range 285 lb/in? to 15 lb/in® with- 
out absorbing power at the full pres- 
sure condition. 

Both facilities carry a spare shield 
plug to seal the reactor temporarily if 
a channel is left without a fuel element 
stringer. The parts being handled can 
be continuously viewed by closed cir- 
cuit television. 


Control rod mechanisms 

A control rod weighs about 300 
lb and is raised and lowered through 
a height of 16 ft. A permanent magnet 
synchronous motor controls the posi- 
tion of the control rods when sup- 
plied by variable low frequency and 
zero frequency three-phase alternating 
current. The position of the rod is 


indicated at the control desk by elec- 
from a 


trical transmission synchro 








jofe magazine 
rotating mechanism 
Shown 90° out of 
a , Position for 
i clarity 
special purpose __. i 


winch platform 


¢"cS occess 


h.atform 


60 ft 5%21in overall height of machine 
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The main section of one of the heat ex- 
changers, weighing 90 tons, is lowered 
into position (Fig. 3) 
geared to the sprocket drive of the 
mechanism. The normal operating rate 
of insertion and withdrawal is 0-006 
in./s; there is also a fast insertion 

speed of 0-060 in./s. 

Under emergency conditions the 
control rod can fall into the reactor 
under gravity, its speed of descent 
being controlled by _ regenerative 
braking of the motor. The terminal 
velocity under 
about | ft/s. 

The control rod mechanisms are 
designed to fit in a refuelling branch 
of 53 in. bore and to withstand a pres- 
ture of 2701b/in*g at a temperature 
of 150°C. The temperature in the 
region of the motor is maintained 
below 100°C by air cooling on the 
outside of the refuelling branch. The 
mechanism has an overall length of 
7 ft. 


these conditions is 


Auto control rod mechanisms 

The total equipment consists of four 
control rods and associated apparatus. 
There are three independently installed 
systems of manual or automatic con- 
trol in terms of gas outlet temperature. 


[Left] The refuelling 
machine. The nose 
which connects with 
the standpipe can be 
seen at the bottom of 
the diagram just to the 
right of the centre line 
(Fig. 2) 


[Right] This view of 
the top dome shows 
the refuelling branch 
nozzles welded in 
position (Fig. 4) 





Chosen channel outlet gas tempe 
tures are compared automatically v 
a demanded temperature and the 
ference signal used to drive the c 
trol rods through magnetic po 
amplifiers feeding two phase induct 
motors. The pre-amplifiers for 
system use transistorized units. | 
of a datum servo system to pro\ 
phase advance means that a.c. am 
fiers can be used throughout. 

Synchro transmitters provide int 
mation for a control rod position « 
play and there are also error indi 
tors showing the degree of offset 
tween the rod and the mean positi: 

The position of all control rods 
checked by a scanning position ser' 
part of a Control Rod Misalignms« 
Detector Unit. 


Reactor pressure vessel 

The working pressure for the sys 
tem is 300 1b/in? compared with |( 
lb/in? for the Calder Hall vessels ar 
the thickness of the plates in the cyl: 
drical portion is 2; in. compared wi 
2in. at Calder. Some of the specia 
features of the design meant tha 
plates up to 3{ in. thick at the top and 
4: in. thick in some parts of the cylir 
der were required. 

The plate used was rigorousl) 
checked ultrasonically for interna 
defects and tests were made to ensure 
that it had the required degree ot 
notch toughness. The plates were ho 
pressed to shape in a large hydraulic 
press because of the relatively large 
thicknesses and small radii of curva 
ture. 

Because of close pitching of ths 
standpipes the whole of the top dome 
was thickened so that quite thin 
nozzles needing relatively small attach 
ment welds could be used. This pre 
vented distortion which would occur 
if heavy welds were used. The whole 
top end was completely welded and 
radiographically examined and _ then 
stress relieved using special tubular 
elements so that relaxation of the 
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st: esses in the heavy butt welds could 


[Right] Inside the re- 


oc-ur before nozzle positions were actor pressure vessel 


m rked out (see Figs. 4 and 5). 


fhe hot gas manifold, 


co:nplicated pressure vessel withstand- 


looking up at the top 

dome with the heater 

rods installed for stress 
relieving (Fig. 6) 


itself a 


ing, a differential pressure of 28 Ib/in?, 


i 


as Openings at every standpipe posi- 


tion. It is important that it should 
operate at a similar temperature to the 





top dome to prevent differential move- 
ments. The hot box had, therefore, to for the vessel to carry a head of 


be internally insulated completely and 


MAJOR CONTRACTORS 


[Left] Drilling one of 
the holes for the re- 
fuelling branch nozzles 
in the top dome ( Fig.5) 


to achieve this under rigorous clean 
conditions was a major operation. 
Because of the change from square 
pitch, the core load can be supported 
on a triangulated structure with twelve 
equally loaded support parts on a cir- 
cular ring girder. With the load being 
spread in this way, it is now feasible 


water. The vessel will, therefore, b2 





hydraulically strength tested, pneu- 
matically leak tested and then vacuum 
tested before being cleaned down and 
prepared for graphite loading. 

The vessel is in a fairly advanced 
state and was recently stress relieved, 
absorbing about 1 MW of electrical 
energy. It was lagged with thick in- 
sulation and raised to 600°C using the 
tubular heat elements shown in Fig. 6. 
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Graphite 

Diesel standby sets 

Centre biological shield ; 
Reactor containment building ; 
Airlocks 

General electrical installation 
Main gas valves and operating 
mechanisms 

Air compressor 

Upper refuelling tubes 
Refuelling machine 

Gas driers 

6 MVA transformers 

D.C. battery 

Gas safety valves 

Erection and operation of 
130 ton guy derrick 

Main contractor for reactor 
instrumentation 

Main reactor control room 
panels 

Cooling towers 

Ancillary CO, valves 
Control rod mechanisms ; 
Frequency converter sets and 
ancillary equipment; | 
Emergency shutdown equip- 
ment 

Turbine and feed heating 
plant; 33 kV switchgear 
Telephones 

Turbine building lift 
Turbine hall consultants 
Graphite restraint gear 

750 kVA transformers 
Graphite support bearings 
Structural steelwork for reac- 
tor and turbine house 
Refuelling branch latch 
mechanisms 

M/A sets 

Control rods 

Main heating and ventilation 
of containment vessel 

Inner shield cooling plate work 
Graphite support plates 
Vacuum pumps 

Dump condenser 

Ancillary CO, valves; Steam 
and feedwater valves 

Main CO, circulators 


CO, storage plant 
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J. T. KENNICOT 

W. KENYON & SONS LTD. 
WALTER KIDDE CO. 
LAURENCE, SCOTT AND 
ELECTROMOTORS LTD. 


LONDON TRANSFORMER PRODUCTS 
LTD. 
MATHER & PLATT LTD. 


MATTERSON LTD. 
MITCHELL ENGINEERING CO. LTD. 


NECKAR WATER SOFTENER CO. LTD. 


NEWBURGH ENGINEERING LTD. 
NEWTON CHAMBERS & CO. LTD. 


PIRELLI LTD. 
PLESSEY CO, LTD. 


PLOWRIGHT BROS, LTD. 
A. REYROLLE & CO, LTD. 


JOHN SMITH (KEIGHLEY) LTD. 
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STEWARTS & LLOYDS LTD. 
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VOKES LTD. 


WHARTON CRANE & HOIST CO, LTD. 
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WHIPpP & BOURNE LTD. 
YORK, SHIPLEY LTD. 


Hero 
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WHATLINGS LTD. 


Fuel Examination Buildings 
N. G. BAILEY & CO, LTD. 
MATTHEW HALL & CO. LTD. 

E, G. IRWIN & PARTNERS LTD. 

J. LAING & SONS LTD. 

MENDIP (CHEMICAL ENGINEERING) 
LTD. 


Heat exchangers; Inner gas 
ducts; Carousel 

Feed line dosing 

Lagging in turbine hall 

Fire protection equipment(CO,) 


Electrical work on main 
circulators 


1000 KV A transjormers 
Feedwater pumps; Fire protec- 
tion equipment (Mulsifyre) 
Fuel element building cranes 
Fuel transit station; 
Mechanical daywork contractor 
Water treatment plant 
Graphite restraint gear 
Containment ventilation 
chemical plant 

H.T. cabling 

Can failure detection equip- 
ment 

Annular shield 

11 kV switchgear 

415 V distribution boards 
Turbine hall crane 


Telephones 

CO, pipework 

Steam and feedwater pipework 
Main 415 V switchgear 


Fuel element breakdown 

Gas filters 

Main reactor crane 

Civil engineering contractor 
Reactor vessel, tundish, dia- 
grid, hot box, inlet gas deflec- 
tors and thermal shield 

Main d.c. switchgear 
Rejrigeration plant 


Reactor vessel 

Primary circuits 

Flux plotting equipment 
Charge machine 

Control rod system 

Civil engineering contractor 


Electrical installation 
Mechanical installation 
Consultants 

Civil engineering contractor 


Zinc bromide windows 
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The fourth article of this series discusses the measurement 


of radioactivity in liquids, gases and in human beings 


Health physics instrumentation—.' 


by DENIS TAYLOR, M.Sc., Ph.D., M.LE.E., F.Inst.P., 


Plessey Nucleonics Ltd. 


N MANY HEALTH PHYSICS operations a radioactive sampl-: 
| is produced which requires to be assayed. For many 
of these purposes either the contamination monitors des- 
cribed in the previous article may be employed or the 
conventional scaler and radiation detector described by 
Barnes and Taylor (/) and others. In many cases, how- 
ever, the sampling technique is unsatisfactory in that it 
is difficult (or even impossible) to prepare a representa- 
tive sample. It is then necessary to assay the material in 
bulk and, in the case of a liquid or gaseous effluent, it 
is preferable to use a method which continuously mea- 
sures the radioactivity of the effluent flowing down a 
pipe or up a stack. 


Radioactivity in liquids 

The measurement problem varies greatly according to 
the actual activity of the flowing liquid. In some cases 
it is necessary to check that where no activity should 
exist, the level is below the drinking water tolerance. In 
other cases, where the effluent is active, it is necessary to 
measure the specific activity as a basis for deciding whether 
disposal through the public sewers is permissible, or to 
decide time and duration of permissible discharge into 
the sea or river in relation to tidal and other local con- 
ditions. 

It will be useful to consider the order of concentrations 
met with in practice. With radioactive material distributed 
uniformly in an infinite homogeneous medium with a 
concentration of S c/g, the rate of energy dissipation is: 

3-7 X 10° X S XE X 1°6 X 10“ erg/gs where E is in 
MeV. 

It follows for an average fission product mixture in 
water, the dose rate (D) is given by 

D 1:6 X 10°S rads/h. 

The present ICRP drinking water tolerance is 10°’ c/1 
for fission product mixtures. Hence, with this concentra- 
tion the dose rate (D) is 

D = 1°6 X 10° rads/h. 

The average cosmic ray background is about 3 * 10% 
rads/h, and the total background may be up to about 
10 times this figure. Hence, the measurement of the acti- 
vity of water contaminated to the extent of 10°!°c/I of 
fission products on top of this background is virtually 
impossible without some concentrating procedure before 
the actual measurement. 

Activity measurement at a much higher level (i.e. up 
10* times the ICRP tolerance) are often required in the 
effluent farms associated with reactor plants, and still 
higher activities are met in chemical plants. It is pro- 
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posed to discuss the measuring techniques involved with 
these higher activities before examining the more difficult 
measurement of activities around the ICRP levels. 

Monitoring arrangements for continuously recording the 
radioactivity of liquid waste streams have been developed 
considerably in the past few years. Both Geiger counters 
and scintillation counters have been used, but the latter 
appear to be much more popular. Sinclair (2); for example. 
describes a detector using a sodium iodide scintillator 
which is placed adjacent to a chamber through which the 
liquid is flowing. It provides measurement over 7 decades 
down to a level of 5 X 10°!’ c/l. Wingfield (3) describes 
a somewhat similar system, but using a zinc sulphide scin- 
tillator located on one surface of the chamber through 
which the effluent is flowing. The lower limit of detection 
with this system is 3:3 X 10% c/I. 

When mixed fission products are being monitored, it i: 
an advantage to use windowless counting because an 
appreciable proportion of the radiations emitted are o! 
low energy. One method of doing this, which is especially 
applicable to cases where large bulks of liquid are in- 
volved, is to use the ‘ Swirl Counter’ (3, 4). This is illus 
trated in Fig. 1, which shows the liquid pumped at high 
pressure into the measuring cell so as to build up a hol 
low rotating cylinder of liquid which surrounds, but does 


In the ‘ Swirl Counter ’ 
the liquid pumped in 
at high pressure builds | 
up into a hollow rotat- count rate 
ing cylinder which does | i 
not touch the large | 
plastic scintillator ° 


(Fig. 1) 
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no. touch, a large plastic scintillator. This system has been 
m: ch used in chemical plant applications and allows beta- 
aama activity measurements down to about 10-°c/I. 
ienerally, direct continuous measurement of liquid 
acivity can be effected in two basic ways, either by 
mimersing the detector in a pipe or tank in the primary 
flow circuit, or by pumping a proportion of the liquid 
hiough a sample vessel in which the detector is mounted. 
Tle advantages of the former are the simplicity of the 
method and the inherent shielding obtained against the 
external background radiation. The main disadvantages 
are that the geometrical efficiency of the counting set-up 
will vary if the level of liquid in the pipe or tank changes ; 
the adsorption of activity on to the walls of the vessel 
and/or the detector may build up the background count- 
ing rate and, because the effluent itself forms part of the 
background shielding, it may not be possible to determine 
an accurate estimate of the background counting rate 
in actual operation. These disadvantages caused Smith (5) 
to use an alternative approach. He uses a pumping system 
to maintain a constant volume in a sample vessel. Either 
on demand, or automatically at regular intervals the 
sample vessel is drained and flushed with clean water. 

Smith’s apparatus is shown schematically in Fig. 2. 
Measurements are made continuously for most of the 
24 hours per day, but the cycle of circulating the effluent 
liquor through the sampling cell is interrupted once per 
24 hours and clean water is passed through the cell. This 
provides a washing and cleaning operation and by mea- 
suring and recording the counting rate during this period 
the degree of contamination remaining is ascertained. The 
build-up of activity naturally depends on the actual acti- 
vity of the effluent liquor and on its chemical form, etc.., 
but in many cases the washing operation removes the 
majority of the contamination and the replacement of 
liners is not very frequent. However, in some cases the 
build-up of background is so rapid that an alternative 
method is necessary to achieve a usable result. 

It is to be noted that the level of the liquid in the 
sampling cell (Fig. 2) is kept constant to ensure constant 
reproducible geometry by means of the overflow from the 
inner to the outer plastic container and that the pumping 
rate is kept low to avoid turbulence. 

Another advantage of the sampling cell technique is 
that it allows the cell and the detector to be located at 
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Schematic diagram of the apparatus devised by Smith (5) 
to maintain a constant volume of liquid in the sample vessel 
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pulses from gating 
c > ms -e— scoler -e— register 
detector circuit 
gating a . . 
-—— DC amplifier pulse Circuit used to register total 
L generator | activity by multiplying the 
vollage oc flow rote instantaneous flowrate by the 
activity per unit volume 
= (Fig. 3) 


> 
trigger waveform 


some distance from the main effluent line and to be 
shielded by lead walls. This ensures that the background 
counting rate is low, a necessary condition for the mea- 
surement of very low activities. 

Another feature in Smith’s apparatus is worth noting. 
This is that where effluents are being discharged on a 
large scale it is usual to include facilities (see Fig. 2) 
for measuring the actual flow in the effluent line and to 
display the flow rate (measured with a rotameter) and 
the activity per litre (measured as described) on two chart 
recorders side by side. It is thus possible to compute 
the total activity discharged from the time of starting 
the discharge of effluent by multiplying these two para- 
meters together and integrating. In practice, on some instal- 
lations a multiplying circuit is provided to multiply the 
instantaneous flow rate by the activity per unit volume, 
and the output is fed to a drum register to clock up the 
total activity discharged. The system used is shown in 
Fig. 3. Pulses from the radiation detector are fed to a 
gate circuit, which is allowed to pass pulses to a subse- 
quent scaling circuit for only a fraction of each unit time 
interval, the fraction being proportional to the flow-rate 
analogue. 

With some effluents the build-up of background activity 
on the walls of the sampling cell is such that the apparatus 
illustrated in Fig. 2 is not a satisfactory answer. Smith (6) 
suggests a solution to this problem which uses a well 
shielded collimated detector that monitors a moving sheet 
of the effluent liquor. 


Measurement of very low activities 


The measurement of very low activities, particularly of 
alpha-emitters is very difficult, and it is usual to resort to 
laboratory processing of manually or automatically col- 
lected samples to achieve the greater sensitivity required 
or to avoid the build-up of background problem. Methods 
have been reported in the literature (7, 8) involving auto- 
matic systems depending on the use of a long aluminium 
tape in which a small depression is stamped, the depression 
filled with effluent liquor, evaporated to dryness, and then 
counted. This process is repeated continuously and auto- 
matically. The concentrating procedure allows higher sen- 
sitivity, i.e. very weak activities to be monitored, and by 
making the various operations automatic, a virtually con- 
tinuous measurement of the effluent activity can be made 
with only a few minutes time delay. 

An alternative solution for concentrating the activity in 
water and at the same time permitting continuous opera- 
tion is to de-ionize the water with ion-exchange resins. 
The exchange process results in the retention of the acti- 
vity by the resin and, by inserting a suitable radiation 
detector into the resin and passing a known volume of 
effluent through the column, a measurement of the speci- 
fic activity is obtainable. An alarm (aural or visual) can 
be operated at high counting rates, the time required 
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Schematic diagram of the system used to measure very low 

activities; the activity is retained in the cation exchange 

resin and the specific activity measured by passing a known 
volume of effluent through the column (Fig. 4) 


to give an indication of abnormal conditions being in- 
versely proportional to the specific activity. 

The majority of fission products present in water will 
be in cation form, a notable exception being iodine. In 
one form of apparatus (9) because of considerations of 
reliability, cost and grade of labour to be employed, a 
strongly acidic cross-linked polystyrene cation resin is used 
alone. Regeneration of the resin is thereby considerably 
simplified. In their apparatus the frequency of regeneration 
and the operation of valves is controlled by a timing 
mechanism and occurs once daily. The system is illustrated 
schematically in Fig. 4. 

Tests have shown* that 10°° curies of beta-activity can 
be detected readily when retained by the resin. This 
quantity of activity in 100 litres of water corresponds 
to a_ specific activity of 10%!c/l. A monitor of 
this sort has been demonstrated at Plessey Nucleonics 
Ltd. on the local water mains and indicated a specific 
activity in close agreement with that observed in an 
evaporation determination (normal laboratory measure- 
ment on a sample). Small differences would be expected 
because of statistical errors and because some of the 
activity will be in an ion form. Nevertheless it is probably 
not worth going to the complication of a mixed bed resin 
as all that is usually required is to indicate when abnormal 
activity conditions arise. 

The electronic equipment associated with the system 
comprises a single transistorized unit containing the Geiger 
counter EHT supply, a counting-rate meter, a high count 
alarm circuit and a pen recorder. It is necessary to use 
a long integrating time constant in the counting-rate meter 
circuit to obtain a reading free from statistical fluctuations, 
but this is acceptable on a 24-h cycle. The column must, 
of course, be shielded with lead as the counting rates 
expected do not differ appreciably from the normal back- 
ground. 


Special problems with liquid effluents 


A special problem met with in some plants is monitor- 
ing alpha-activity in the presence of beta/gamma-activity 


*At Plessey Nucleonics Lid., Northampton. 
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in effluents. A method which gives satisfactory results 
these circumstances is illustrated in Fig. 5. The appara: is 
comprises (/0) a scintillation counter, a liquid-sampli 
device and a system of standardizing against a standa d 
radioactive source. The scintillation counter uses a Zz 

sulphide phosphor which, with the photomultiplier tu’ », 
is mounted in a light-tight compartment. The light-tig 1 
covering must be sufficiently thin to allow the passage 
the alpha-particles on to the phosphor and for applicatic 
of this sort it is usual to employ a plastic film (weigh 
about 1 mg/cm?) coated with a thin opaque layer 
aluminium or gold. The light from the phosphor scintil 
tions is transmitted through an optical guide to the pho 
sensitive layer at the end of the photomultiplier tube. 

A thin layer of the alpha-active solution is brought in:o 
close proximity to the zinc sulphide screen by the use 
of a rotating drum, the lower surface of which dips into 
the solution. This provides a convenient method of defii 
ing accurately the geometrical relationship between the 
active source and the sensitive area of the phosphor; this 
is an important factor in the detection of alpha-particles 
with an air range of only a few centimetres. The drum’s 
rotation speed is adjusted so that the thickness of the 
solution close to the phosphor screen is somewhat greater 
than the range of the alpha-particles in the solution. The 
number of alpha-particles emitted per unit area of the 
liquid surface is then independent of small variations 1 
the thickness which may be caused by changes in the sur 
face tension and viscosity of the solution. 

Because of the variation in the pulse amplitudes of the 
signals obtained from such an alpha-active source and 
the associated difficulty of choosing a suitable operating 
point on counting rate/bias voltage characteristic, it is 
usual with this instrument to compare the counting rate 
observed with the sample solution with that obtained with 
a subsidiary standard source with a similar characteristic 
This standard, which comprises the same alpha-active 
material in a suitable solution in a plastic, is mounted 
on the rotating disk shown in Fig. 5. About one half of 
the disk is covered with the standard source, and the other 
half is cut away to expose the zinc sulphide screen to the 
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so\ation to be monitored. As the disk rotates, the alternate 
tra ns of pulses resulting from the solution and the stan- 
da:d source respectively are counted in separate counting- 
rate channels. With this arrangement, first the solution 
and then the standard are presented to the counter, the 
whole cycle repeating itself every revolution of the disk, 
which in this case is once per second. The trains of pulses 
are amplified and then passed on to a pulse-amplitude dis- 
criminator which permits only those pulses greater than 
a certain threshold value to be passed to the counting 
apparatus. This threshold is such that pulses resulting from 
alpha-particles are counted, but pulses resulting from beta- 
particles or gamma-photons are ignored. The effects of 
pile-up are minimized by the use of the drum, the detector 
being effectively shielded from the bulk of the liquid. The 
counting system is a two-channel counting-rate meter, 
which is switched in synchronism with the disk rotation 
and gives two separate meter indications, one of the acti- 
vity of the effluent and the other the activity of the stan- 
dard. Finally, as will be seen from the figure a self-balanc- 
ing pen recorder is used to give a continuous indication, 
not only of the two activities, but also of their ratio. This 
is a real advantage, because it allows automatic calibration 
of the system and the indication of the activity of the 
standard can be used to show up faults (if any) in the 
operation of the equipment. 

Instruments of this type have been employed to provide 
measurement of alpha-activity down to a level of 10-* c/1. 


Radioactivity in gases 

The monitoring of air for beta- and gamma-emitters 
is reasonably straight-forward, but the monitoring of air 
for alpha-emitters such as plutonium is difficult because 
of the masking effect of the active decay products of 
thoron and radon always present in clean air. It is usual 
to sample the air by passing the air through a filter paper, 
and then leaving the sample filter paper for a few days 
to allow the short-lived products to decay, the long-lived 
alpha-activity can then be counted without interference. 
This method is explained in detail by Barnes and Taylor 
(//). The calculation of the activity involves using the 
formula: 

(N — n) psc 


1-13 X 108 tlaq 

as explained by Barnes and Taylor, where F is the frac- 
tion of mpc in sampled air, N is actual number of. counts 
recorded, n is the background count in the same time 
period, ¢ is the counting time in seconds, p is the filter 
paper collection efficiency factor, s is the self absorption 
factor, c is the counter efficiency factor, / is the anemo- 
meter reading in feet, a is the effective area of air flow 
in cm* and q is the maximum permissible concentration 
(mpc) of nuclide in: wc/cm*. 

It may be noted with alpha-emitters many of the dust 
particles will penetrate some ‘distance into the thickness 
of the paper, and the alpha-radiation from them will be 
absorbed by the covering material so that the count will 
be reduced. This is allowed for in the factor p. In the 
case of energetic beta-particles there is little or no loss. 

It is possible to overcome to a very large extent the 
difficulties due to the presence of radon and thoron decay 
products by using a two-channel system, one channel 
monitoring the contaminated air plus the background 
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activity and the other monitoring the background only, 
i.e. clean air from outside, and making a difference mea- 
surement. This method is preferred when it is necessary 
to monitor laboratory air continuously and indicate the 
presence of any contaminant without delay. It is then 
usual to use a long roll of filter paper which passes first 
into the air stream, to collect the particulate matter, and 
then to the detector system where any radioactivity col- 
lected is measured and a direct indication is given on a 
graduated meter. 

Several other methods are now available for combat- 
ing the masking effect of the active decay products of 
thoron and radon in monitoring alpha-active contaminants 
in the air. One method which has attracted a great deal 
of attention uses the fact that plutonium (and usually 
other alpha-emitting matter) particles are larger than one 
micron and comparatively heavy, whereas by comparison 
natural activity is found of much smaller diameter. Advan- 
tage is taken of this difference in mass of the particles to 
achieve a separation of the plutonium from the thoron 
and radon decay products. Tait (/2) has used an annular 
impactor of the type shown in Fig. 6, and found that it 
would collect dust produced by normal industrial processes 
with an efficiency of 90%, whereas the efficiency for radon 
and thoron decay products was only 10%. Hoy and Croley 
(/3) have used a similar method with even better success. 
A vaseline-coated moving tape is used to collect the plu- 
tonium particles and this subsequently passed under a 
scintillation counter to monitor the plutonium collected. 

Still another method for monitoring alpha-contamination 
in the air depends on the fact that 94% of the alpha- 
particles produced by an equilibrium quantity of radon 
daughter products collected by a continuously operated 
filter paper sampler have an energy of 7°68 MeV, whereas 
the alpha-particles from plutonium have an energy of 
only 5:1 MeV. Sawle (/4) has described a system based on 
this principle which allows positive indication to be 
obtained when the plutonium exposure reaches about 5 
times the daily limit. It is, of course, possible to com- 
bine the impactor technique and the energy discrimination 
and increase the sensitivity still further and instruments 
of this type have been proposed. Alternatively, it is pos- 
sible to use a system (/5) employing two scintillation 
counters, one making an alpha count looking directly at 
the particulate matter collected and the other making a 
beta count looking through the paper making an assess- 
ment of the radon/thoron decay product background. The 
two outputs are then fed to a difference circuit which 
gives an indication of the plutonium directly. There are 
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a number of variations of this method. It is, for example, 
possible, as has been described by Roux (/6) to separate 
the alpha-emissions from Pu-239 from the alpha-emissions 
from the radon/thoron decay products by using a coinci- 
dence technique. It is also possible to combine this method 
with the impactor technique and measure down to a 
fraction of a mpl of Pu-239. 

Another method (/7) is an improvement of the original 
two-channel system already described. In this case, how- 
ever, a dual electrostatic precipitator is employed which 
collects dust on opposite sides of a metal tape. One air 
stream is the one under test and the other consists of 
clean air taken from the same general area. Both sides 
of the tape are counted simultaneously and the outputs 
are subtracted to cancel the counts due to the natural 
emitters. 


Special problems in gas monitoring 


Tritium is now an important industrial material, and 
the monitoring of this gas is assuming greater importance. 
One popular method (/8) of monitoring tritium concen- 
tration in the atmosphere is to draw the air to be moni- 
tored through an ionization chamber, arrangements being 
provided to de-ionize the air before admission. 

Another problem of interest is that of monitoring iodine 
in coolant channels, stacks, etc. One successful method 
uses an activated charcoal absorber with a suitable radia- 
tion detector immersed in the charcoal. The iodine is 
absorbed in the charcoal and when it has been collected 
in sufficient quantity, the counting rate obtained will be 
significantly above background and detection results. A 
variation has been developed by Sill and Flygase (/9) in 
which the iodine is collected on activated charcoal in a 
cartridge and then assayed in a well-type scintillation 
counter. It is an advantage to follow the scintillation 
counter with a pulse amplifier, a pulse-amplitude analyser 
with the channel setting appropriate to the gamma emis- 
sions from I-131, i.e. 0°36 MeV, and a counting circuit. 

Another important problem which arises in air-cooled 
reactor plants is the monitoring of A-41 in the stack. 
A-41 emits a 1°18 MeV beta and 1:37 MeV gamma and in 
many installations it has been convenient to use a pres- 
surized ionization chamber in the stack and use a sensi- 
tive d.c. amplifier to monitor the ionization current, which 
may be used as an index of the activity in the stack. The 
same apparatus can also be employed to monitor the 
escape of fission products up the stack in the case of a 
reactor (burst fuel element can, etc.). Stack monitoring 
may also be required to check the effectiveness of the 
filters. See paper (20) for more details. 


Radioactivity in humans 


There are two basic methods of measuring the body 
burden of radioactive material of living subjects. The first 
is by excretion studies and depends on having data on the 
factions excreted. The second is by an external radiation 
measurement and necessitates assumptions about the loca- 
tion of the contaminant and the absorption of the radia- 
tion in the body. 

The maximum permissible body burdens (mpbb) of 
many nuclides are very low. Thus, in the case of radium 
it is 1 X 1077 curie, whereas in the case of plutonium it 
is 4X 10°* curie. Measurements below these levels are, 
therefore, necessary. In addition, it has to be remembered 
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that the normal body contains a certain amount of nati 
potassium which, therefore, contains the naturally occ 
ring radioactive isotope K-40. Consequently it is necess: -y 
to know the normal level of radioactivity due to this K 0 
content, as the radioactive contaminant has to be m 
sured on top of this natural level, which is of the orc =r 
of 10-§ curie or less. 

Several different approaches to the measurement f 
body radioactivity have been made. These range from * :e 
use of high-pressure ionization chamber (2/, 22) in as 
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ciation with thermionic valve or vibrating reed electro- 
meters to the use of scintillation counters (23, 24, 25) in 
association with counting-rate meters or scalers. The inabi- 
lity of high pressure ionization chambers to select events 
in a desired energy range results in a comparatively high 
background and long counting times for high sensitivity. 
The scintillation counter systems can provide adequate 
sensitivity with comparatively short counting times. 

Figure 7 illustrates the use of the scintillation counter 
system for evaluating the amount of a radioactive con- 
taminant in the body. The contaminant in this case was 
0-03 uc of Am-241 which entered the body via a puncture 
wound. The upper curve shows the distribution of count- 
ing rates with quantum energy for the empty room, and 
the lower curves show the distributions for an uncon- 
taminated person and for the one being studied with the 
background subtracted. 
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Correction 

In the third article of this series NUCLEAR POWER, June, p. 113, end 
of second column, * deflexions/min’ should read ‘ disintegrations 
min ’. 


NUCLEAR POWER July 1960 








“= 9a 


— @ 


I- 


on 


ort 


56 


ol 


ice 


ICS 


-an 


nd 


ns 





CONDENSING STEAM vapour from 


the four 320 ft cooling towers at the 
Chapelcross plutonium plant in Dun- 
friesshire has caused an unexpected 
hazard for motorists travelling on near- 
by roads. Apparently the vapour settles 
on the roads thickly enough to make 
them so greasy that new warning signs 
have been erected. These are topped 
by a red triangle and warn car drivers 
about slippery surfaces and, to ram 
the point home, show a car skidding. 
Local residents say that in the winter 
conditions are so bad that the roads 
are literally ‘like skating rinks’. I 
understand the Atomic Energy Author- 
ity are taking steps to reduce the quan- 
tity of steam produced but in the 
meantime have agreed to treat the 
roads with salt and grit—an extension 
of their activities not foreseen when 
Chapelcross was completed. 


BOURNEMOUTH'’S all round warmth 


weather and reception—did not pre- 
vent serious business being done at 
the Twelfth British Electrical Power 
Convention. My impression when mov- 
ing about and taking part in the odd 
conversation here and there was that 
delegates were occupied to a large ex- 
tent with cost factors and the effects 
of competition. There was much agree- 
ment on the need to keep costs stable 
and to prevent needless fierce compe- 
tition which would lead to no one 
really gaining—at least on the manu- 
facturers’ side. Nevertheless I was sur- 
prised that no one seriously challenged 
Mr. H. G. Nelson, chairman of the 
English Electric Company, when he 
delivered his paper ‘The New Hori- 
zon-Electrical Manufacture °. 

In his section on the electrical manu- 
facturing industry, he mentioned the 
heavy capital expenditure outlay facing 
manufacturers and went on to say 
that ‘the direct play of free competi- 
tion in the classical sense is no longer 
realistic and if there is to be a rea- 
sonable assurance of continuity of 
employment and continuity of 
savings to meet the high cost of capi- 
tal investment and development needed, 
there must be a tendency to move 
towards various alternative solutions- 
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collaboration between competing 
manufacturers on price, price negotia- 
tion between a customer and a chosen 
supplier or the amalgamation of com- 
panies into larger groups ’. 

This seemed to me something that 
smaller manufacturers and potential 
customers could view with alarm. But 
apparently from the discussion that 
followed, no one had decidedly strong 
feelings on the matter. There is room, 
in my opinion, for more cooperation 
in the field of research but the ques- 
tion of even more limited choice and 
price agreements to me seems not a 
particularly progressive step in spite of 
the difficulties that are now being met. 


IF ONE cares to wade through a 47 


page study with seven illustrations and 
two plans, he would get an extremely 
good idea of how to cope on a farm 
should there be an ‘atomic hazard’. 
The study's title is ‘Selbsthilfe im 
Atom-Notstand auf dem Lande’ and 
one of its illustrations shows plans for 
an underground shelter for 16 people 
and two head of cattle. Full details 
are given for its construction even to 
the amount of food needed for one 
cow per day which, for those inter- 
ested, is given as 121b of hay and 
beetroot. Personally, I think I would 
try and avoid staying underground in 
a little shelter with two cows. 


‘HE REASON why a person decides on 


a certain career is always interesting 
and when I was reading Dr. Leo 
Szilard’s response after he was for- 
mally presented with the Atoms for 
Peace Award for 1958 recently, I found 
he dealt with just this topic. Dr. Szilard 
who was born in Hungary and worked 
with Eugene Wigner, had this to say: 
‘In 1933, I went to live in London, 
in the fall of that year, the London 
papers reported a speech given by 
Lord Rutherford at a meeting of the 
British Association in which he said 
that whoever talked of the release of 
atomic energy on an industrial scale 
was talking moonshine. I was ponder- 
ing about this while strolling through 
the streets of London. On that occa- 


sion, it occurred to me that Rutherford 
might be wrong because there might 
exist an unstable element that splits off 
neutrons when bombarded by neutrons 
and such an element could sustain a 
nuclear chain reaction. On the basis 
of the published masses of helium and 
beryllium, the beryllium nucleus should 
have been instable and it could have 
disintegrated into two alpha particles 
and one neutron, when hit by a neu- 
tron. 

‘At this. time, I was playing with 
the idea of shifting to biology. But 
the possibilities opened up by these 
thoughts was so intriguing that I 
moved into nuclear physics instead ’, 
Dr. Szilard explained. 


SEE that the Sunday Express and the 
Daily Telegraph have also commented 
on the high-pitched whine coming 
from American nuclear submarines 
which I mentioned last month. How- 
ever, no one has yet mentioned how 
a nuclear submarine, once detected, 
can be caught. With an underwater 
speed of over 40 knots and high 
manoeuvrability, it would need an ex- 
tremely fast escort vessel to get close 
enough to do much damage. I under- 
stand these submarines can be banked 
at full speed through controls similar 
to those in aircraft. so much so that 
gravitational pull may become even 
more of a factor to be contended with 
if higher speeds were made possible. 


NOTICED a successful approach to 
the problem of overcoming the sus- 
picion with which local bodies and 
residents sometimes regard scientific 
establishments, during my recent visit 
to AEI’s research laboratories at 
Aldermaston Court. Some thirty mem- 
bers of the Bradfield Rural District 
Council were shown over the ‘ Merlin’ 
building and it was obvious from their 
questions that the same fears expressed 
by the ordinary man in the street which 
I have heard so often were prevalent; 
those relating to radiation hazards, 
pollution of air and water, the exist- 
ence of an immediate warning system 
and the carrying of spent fuel by road 
or rail. A sympathetic explanation by 
the scientists present, simple demon- 
strations with aural detectors and a 
site tour plus the well-being induced 
by an excellent lunch, was very good 
public relations and did much, I am 
sure, to dispel fears and overcome 
reluctant cooperation. It seemed such 
a simple way of dispelling the mystery 
and fear with which the unscientific 
person surrounds nuclear energy that 
I wonder why much more ofthis 
‘get-together’ between experts and 
‘others’ is not more common. 
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Necessary safety measures to prevent the 
spreading of toxic dust and fume are described 


Beryllium in reactors — the health problem 


by R. O. R. BROOKS, Medical Division, AERE, Harwell 


A S THE USE of beryllium as a moderator or other com- 
ponent in reactors may increase in future, the asso- 
ciated health hazards and possible control measures are 
considered here. Beryllium and its compounds can cause 
disease in workers exposed to dust and fume, and this 
disease is extensively discussed in a recent report (/). 


Health hazards 


Inhalation of beryllium or its compounds is the chief 
danger to health. In a highly compacted form free from 
removable surface dust neither beryllium nor its oxide, 
beryllia, is dangerous. A health hazard arises when these 
or other compounds of beryllium—are present as dust or 
fume in air. Dust (and in one case, fume) formation 
results from four main causes: poor compacting, move- 
ment of components, prolonged neutron bombardment and 
temperature effect. 

If Be/BeO components are not properly compacted dur- 
ing manufacture, a coarse surface finish may result and 
some crumbling may occur. Experience at AERE, Harwell, 
has shown that beryllia bricks can have a relatively large 
amount of removable surface dust (namely > 25 ng Be 
brick of 40 in? surface area), and there is a tendency for 
dust release into the air from abrasion effects when such 
bricks are moved. This tendency is greatly minimized 
by ensuring that the surfaces are made as smooth as 
possible, and that the bricks are of maximum compacting 
density. By compacting the metal powder, beryllium is 
made into rods and tubes (or other shapes), and these 
are usually machined to specific dimensions. In this way 
a smoother, less dusty surface is obtained. 

In the course of an experiment, it is often necessary 
to move a Be/BeO specimen, or other component in con- 
tact with it, in the system. This may cause surface abra- 
sion of the Be/BeO specimen, and the dust produced 
could become airborne. In an experimental reactor, for 
example, the positions of beryllia brick, beryllium rods 
or cans, neutron counters or thermocouples often need 
to be altered so that measurements can be made under 
varying operational conditions. 

Neutron irradiation may produce dust by causing either: 

(i) chemical dissociation of BeO into its elements which 

could result in physical breakdown of its surface, or 

(ii) swelling of the Be/BeO component (due to gas 

production within it) and subsequent fracture of its 
surface. 

Preliminary studies by Clarke and Williams (2) have 
shown that no chemical dissociation of beryllia occurs 
for integrated neutron doses up to 8 X 10° nvt. 

Gas production may result from dissociation of the 
specimen or from the effect of irradiation. Evolution of 
gas by simple dissociation of beryllia (or impurities within 
it) on irradiation has been determined by Ghosh and 
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Clarke. They found that formation of free gases was le's 
than 3 X 10°%*cc/cc of BeO at NTP for an integrated 
dose of approximately 5 X 10?°nvt (3). They consider 
that gas formation up to one thousand times greater, as 
reported by other workers, was caused by incompleie 
drying of the beryllia before irradiation and suggest that 
it would be prudent to dry beryllia intended for use in 
reactors, particularly when irradiation is being done at 
elevated temperatures. 

Gas production induced in beryllium by the (n, 2n) and 
(n, a) reactions has been investigated by Ells and Perry 
man (4). They have shown that at 10°*nvt the former 
reaction may account for nearly 90% (as helium) of the 
volume produced. They confirm, by their results, the find 
ing of Rich ef al. (5) that swelling of irradiated beryllium 
is unlikly to occur below about 500°C, as the helium re 
mains in solution. Rich et al. point out that this increase 
in volume of the beryllium is greater after large neutron 
doses and at high temperatures, but think that it will 
probably rarely exceed about 30%. 

Production of Be/BeO fumes is only likely to occur 
in the event of fire. Fire risk in the building can be 
minimized by using suitable constructional materials. 
When elevated temperatures are being used in a system 
containing Be/BeO components, it is also essential to 
install safety trip devices so that overheating cannot occur. 
The vaporization temperatures of both beryllium and its 
oxide are above 1000°C in dry air, but Livey and Murray 
have shown that the vaporization temperature of beryllia 
is considerably reduced in the presence of moisture (6). It 
water is used to quench a fire in a system containing 
beryllia, or is otherwise present, this property of the oxide 
(and perhaps the metal) could aggravate the hazard 
unless the Be/BeO component is enclosed. 


Safety measures 

Safety measures for any system in which beryllium is 
incorporated must fulfil two conditions: 

(1) keep contamination within the system down to an 

acceptable level, 

(2) prevent Be/BeO dust or fume release from the 

system. 
In addition, periodic monitoring is desirable to ensure 
that these conditions are maintained and that the average 
concentration over a given period does not exceed the 
recommended level. (At AERE, Harwell, this level in air 
breathed or likely to be breathed is 2 »g Be/m* averaged 
over the 8-h working period (7).) 

If components have to be periodically withdrawn from 
the system, accidental release of beryllium within a reac- 
tor could cause serious difficulties. Possible contamination 
of such a reactor could be reduced by cleaning and sur 
face checking (by analysis of filter papers rubbed over the 
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rface) of all Be/BeO components before they are incor- 
porated in the structure. Careful handling of these com- 
ponents would be necessary during construction of such 

reactor and during subsequent charging and discharging 
of the Be/BeO specimens or fuel elements, to avoid sur- 
face abrasion. When discharging certain components, the 
difficulty may be increased because of possible surface 
damage resulting from irradiation. This would affect the 
transfer operation to shielded containers for storage (to 
allow radioactive decay), and subsequent treatment of the 
fuel elements or other specimens. Where such damage 
occurred, great care would be necessary to limit the spread 
of beryllium contamination which could persist after 
radiation levels had been reduced to reasonable limits. 

Frequent inspection of any exposed Be/BeO component 
for irradiation surface damage is desirable because of the 
limited data available on this possible effect. 

An accounting method for all beryllium used in an 
experimental stack, and an established procedure to be 
used in the event of a fire developing within a stack con- 
taining beryllium are also desirable. Although neither 
beryllium nor oxide is pyrophoric, release of dust or fume 
produced by a fire would create a hazard. 

Of the safety measures available to prevent environ- 
mental contamination by beryllium dust or fume, the use 
of a closed system appears, at present, to offer the best 
solution to the problem. Such a system has been success- 
fully operated at AERE, Harwell (on a | m* experimental 
stack), and satisfactory atmospheric control of beryllium 
achieved (Fig. 1). Containment of an experimental reactor 
and/or the Be/BeO components intended for use within 
it can be considered. 

It may be desirable to enclose, to some extent, reactors 
in which beryllium is used. The type of enclosure adopted 
will vary for each case. Complete enclosure, virtually in 
a large glove box with extract applied, may only be feas- 
ible in the case of experimental stacks when the overall 
size is unlikely to exceed 1—2 m®*. In the particular experi- 
ment quoted above, it was necessary to build a stack 
consisting of several thousand beryllia bricks. The only 
bricks available at the time lacked a smooth finish and, 
despite repeated washings. the surface contamination, 
checked by smear sampling, could not be brought down 
to a satisfactory level. Because of the large number of 
bricks involved and the need to re-arrange some of them 
during the experiment as well as inserting and withdraw- 
ing other components, e.g. counter-probes, enclosure of 
the whole system was considered justified in this case. 
Even with systems of this size, the extract and filter plant 
required can be costly and may take up as much space 
as the stack itself. In addition, routine operating procedures 
are made more difficult as the enclosure restricts access 
to the stack. In cases where the beryllium surface con- 
tamination of the building blocks is low, some relaxation 
may be possible and the enclosure requirements can be 
less severe. 

Enclosing the Be/BeO components in suitable sheaths 
may be an acceptable method of control, at least, for 
experimental systems, except in the cases where beryllium 
is selected as a canning material because of its advan- 
tageous nuclear properties. -Leak testing of the sheaths 
(under appropriate conditions of temperature and pres- 
sure) before irradiation is essential, and it is desirable 
to use double containment for Be/BeO specimens as a 
further safeguard. The specimens should be smear checked 
before canning, and the surface of the primary can should 
also be checked for beryllium contamination before the 
can is assembled in the experimental rig. 

Some means of determining possible damage to and 
release of beryllium within the rig during irradiation is 
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Fig. 1 The enclosed, experimental stack (shown here dotted ) 
was installed in an existing pit in a building at Harwell. 
Beryllia bricks were unpacked and weighed in the glove 
box, and then passed through a port into the metal cabinet. 
Exposure to beryllium was kept to a minimum both during 
construction of the stack and subsequent working by using 
sliding panels on the cabinet, and by installing an air- 
extraction plant 


desirable. This can be achieved by flushing the rig periodic- 
ally with an inert gas and collecting any dust on a filter 
paper attached to the outlet tube. The paper is then 
analysed for beryllium. If any is detected, fracture of the 
specimen container and some surface damage to the speci- 
men must be suspected, and the rig should be dismantled 
in an enclosure which gives protection to the individual 
both from beryllium and from the induced radioactivity 
of the rig. 


Monitoring 

The advantage of instantaneous air monitoring equip- 
ment where beryllium is used has been emphasized (8), 
and is greatest where large quantities of beryllium are 
exposed since the potential dust release is correspondingly 
high. The method of checking suspected surface contamina- 
tion for radioactive material by counting is not applicable 
to inactive beryllium, and smears of the surface have to be 
taken by rubbing filter papers over it and analysing them. 
The chemical analysis of these paper samples is laborious 
and lengthy. 

An indication of any build-up of air pollution inside 
the reactor building during operational periods is needed 
as it occurs. The methods used to record this information 
can also be arranged to operate an alarm system when a 
pre-set level is exceeded. The filter paper air sample gives 
the average beryllium concentration over an interval of 
time, but no indication of the periods when beryllium 
release occurred; nor of the variations in the concentra- 
tion during the sampling run. Also, analysis cannot begin 
until the run is completed. 

Equipment for directly indicating the concentration of 
beryllium in air has been described by Churchill and 
Gillieson (9) and, more recently, another monitor employ- 
ing similar principles has been designed by Webb et al. (/0). 
Existing models are transportable, but are bulky and 
heavy, and a reduction in their size and weight would be 
an advantage and should be possible. (Details of an im- 
proved and more mobile instrument have just been given 
by Webb et al. (//).)It is likely, however, that each reac- 
tor containing beryllium components would need to have 
an installed monitor to indicate concentrations of beryl- 
lium in air; in that case, a transportable instrument would 
not be needed. A multipoint sampling system and recorder 
based on a single monitor would be useful. 

In some instances, it is possible to use the radioactivity 
induced in a beryllium specimen as a means of rapidly 
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assessing the surface contamination, after irradiation, by 
smearing the specimen. with a filter paper and then count- 
ing the paper with a radiation detector. This method only 
gives a rough indication, and is followed by the normal 
spectrographic determination for beryllium. The advan- 
tage is the speed with which an indication of beryllium 
contamination is obtained, but two factors must be known: 

(i) the beryllium/radioactivity ratio, 

(ii) the half life of the radioactive * tracer’. 

In addition, the ratio of beryllium/radioactivity must re- 
main constant (apart from the natural decay of the 
* tracer °). 

If beryllium and/or its oxide come to be used in large 
quantities as components in reactors, as much information 
as possible is required on their behaviour under varying 
conditions of temperature and irradiation. With this addi- 
tional knowledge, the health and safety measures may not 
need to be so rigorous as in the period before the neces- 
sary experience and knowledge have been gained. 


Hydrogen has properties making it an attrac- 
tive possibility as a reactor coolant; these 
and the inherent disadvantages are outlined 


Meanwhile, it is desirable to maintain strict control « 
experimental stacks used to obtain this information, ar 
this can be aided by the use of suitable monitoring equi 
ment. 
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Hydrogen as a reactor coolant 


by PAUL N. GARAY, Kaiser Engineers, California, USA 


ECENT STUDIES of gas-cooled reactor plants have been 
R mainly concerned with the use of helium or carbon 
dioxide as a coolant. Concern with the explosive possibi- 
lities and the chemical reactivity have deterred the study 
and development of hydrogen-cooled plants, despite many 
obvious advantages. Heat fluxes possible with H, are 
roughly twice those permitted when using He or CO.. 

The pumping power for a hydrogen-cooled plant is 
roughly 4 that required for an equivalent helium plant. 
Other comparative criteria are equally favourable with 
respect to hydrogen: the expression for the heat transfer 
properties of coolants contains the quantity (Cp? d? k Pr® 

x). A low value of this term is desirable in order to 
keep the pumping power and volume of the heat transfer 
passages to a minimum. The cooling efficiency index, which 
is defined by the term d* Cp*, should be high. Some com- 
parative numbers for several parameters are given by 
Table |. 

Such parametric comparisons as these, however, do not 
constitute realistic evaluation; the validity of any con- 
clusion must be substantiated by considering the merits of 
the practical coolants in a context which comprises opti- 
mum concurrent design. On such basis, the differences are 


TABLE 1 /ndex values for gases 





H He CO. 
Heat transfer index 652 3-315 6°560 
Cooling index 0-18 0-030 0-017 
Heat transfer coefficient* 1-19 1-00 0-79 


*Same channel, similar temperatures and pressures. 
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not as significant as expressions such as d*Cp* would 
suggest. 

The indirect cycle is of immediate interest in the design 
of reactor plants for the optimum utilization of hydrogen 
as a coolant. Although preliminary calculations for con 
ceptual designs indicate that by going to high system pres 
sures and using appropriately designed fuel elements, the 
power densities in direct cycle gas-cooled reactor plants 
may be increased several fold, it is more difficult to reduce 
the size of steam generating heat exchangers, and this 
factor additionally favours the study of hydrogen coolant 
in the indirect cycle. 

The reduction in capital costs possible with the use of 
hydrogen coolant may be inferred from calculations made 
by ORNL for the GCR-2 plant design. Assuming that the 
reactor plant for each case is modified as required for the 
type of coolant, the following comparison is given: 





THERMAL OUTLET CAN ELECTRICAL 
OUTPUT, BLOWER, TEMP., TEMP., OUTPUT, MW 
GAS MW h.p. F F GROSS NET 
He 700 6000 1000 1200 251 222 
H 900 3000 1004 1200 355 331 


An exploratory cost estimate made by Kaiser Engineers 
indicates a potential $10 million capital cost saving for a 
215 MWe nuclear power plant designed for hydrogen cool 
ing compared with a plant designed for helium cooling. 
assuming comparable hazards and materials compatibility 
(including all auxiliary equipment but excluding the sub 
station and any necessary containment). This saving appears 
to be more than adequate for providing additional equip 
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r.cnt to overcome potential hazards and compatibility 
pi oblems. 

Restrictions on the use of helium, particularly outside 
the United States, point to another major advantage of 
supstituting hydrogen, which can be procured at relatively 
low cost throughout the world. An unrestricted source of 
coolant supply is particularly beneficial in relation to 
the Euratom programme, and for extending application to 
remote and foreign regions in general. The proposed 
expansion of the US Bureau of Mines facilities for recover- 
ing helium will double the price of gas from $22 to $44 
1000 sq ft (£7-9-£15-7). 


Explosion hazard 


The elimination of the explosive hazard is primarily a 
design problem. Extensive industrial experience exists 
where hydrogen is handled safely at temperatures and 
pressures similar to those expected for reactor operation. 

The explosive proportions of hydrogen with air may 
vary widely, since the ratio may be anywhere from 4% to 
75% of hydrogen in the mixture. However, the usual con- 
ception of the pressure wave following such an explosion 
tends to be exaggerated. The maximum explosion pressure 
is experienced with a ratio providing just so much oxygen 
as is needed to reduce the hydrogen to water. This ratio 
of 29°6% hydrogen and 70°4% air results in a calculated 
pressure of 97 1b/in*g. This value has been confirmed by 
actual test measurements taken in spherical vessels. When, 
however, the hydrogen—air ratio departs from the above 
mentioned dangerous value, the explosion pressure is re- 
duced sharply, being only about half as high at the upper 
explosion limit (with 75% hydrogen) and about 60% of the 
maximum value for the lower limit (with 4% hydrogen 
gas). It would be unlikely that an explosion should occur 
just at the most dangerous hydrogen-to-air ratio. It is not 
unreasonable to suppose that a defect, if any, would 
approach the higher explosive limit (for instance, due to 
the failure of a joint in the hydrogen piping while the 
plant is running) at which the explosion pressure will be 
only 55—70 lb/in*. In closely subdivided spaces the explo- 
sion will not occur at ail points simultaneously. 

Numerous techniques are available for alleviation of the 
explosion hazard. Since containment is a probable require- 
ment, the most obvious solution is an inert atmosphere 
within the shell. If the requirement for containment is 
assumed to be common to all gas-cooled plants, then the 
volume requirements for hydrogen-cooled plants will be 
+ to } that required for helium plants. A philosophy dia- 
metrically opposed to the above would favour a completely 
exposed plant. 

A recent ORNL report (/) suggests that leakage in a 
helium plant may be held at 0-1% of the system volume 
per day; there is no reason why similar leak tightness 
should not be possible for the hydrogen plant. In the 
former case, conservation of gas is an economic necessity ; 
in the second case, the conservation measures serve equally 
well to reduce the explosion hazard. Additional require- 
ments for the hydrogen plant will include compartmentalized 
ventilation (with detectors in each section), pressurization 
of switchgear and electrical equipment rooms, use of 
explosion-proof motors, separation of possible ignition 
sources from hydrogen circuits, reduction of all static 
hazards, and collection of all leak offs from valve stems, 
packings, and rotating machinery seals. The cost of these 
modifications would be extremely modest. 


Radioactivity 


The total radiation activity of hydrogen is much less 
than for either helium or carbon dioxide, and the gamma 
activity is essentially zero. Some transport of radioactive 
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carbon may occur in consequence of the formation of 
CH,, but since radioactive carbon is but a small percent- 
age of the total, the quantity should be very small. It is 
possible that no dissociation of methane will occur. in 
which case carbon deposition will not take place. Since 
carbon is a beta emitter, the hazard of radioactivity from 
this source will be a matter of contact. Repair and/or 
replacement in steam generator, hydrogen blowdown sys- 
tem, blower system, etc., must be performed either by 
remote control, or the unit must first be cleaned. 


Reaction of hydrogen with metals 


The problems associated with chemical reactivity which 
constitute the second focus of objection to the use of H, 
are varied, but do not appear to defy solution. 

The reaction between hydrogen and metals may be a 
matter of some concern, especially at elevated tempera- 
tures and pressures. Although hydrogenation plants have 
been in use for many years, and metals have been found 
which are satisfactory, the additional stipulation of stability 
under irradiation aggravates the problems due to tem- 
perature and pressure. 

The hydrogenation of steels may occur when heat and 
pressure are concurrent factors (2). In borderline cases, a 
few degrees in temperature represents the difference 
between satisfactory performance or gradual failure. Hy- 
drogen damage at high pressures is attributed to the ability 
of the hydrogen to permeate the steel, resulting in the 
formation of methane by reaction of hydrogen with the 
iron carbide. Since the combining of H, and C may be 
accelerated by radiation, the stability of steel containing 
carbon may be suspect, even though stabilized steels may 
have been used in the construction of the pressure vessel. 
The temperature and pressure limits have been fairly 
well determined for industrial applications. The radiation 
in a reactor structure, however, introduces a considerable 
factor of uncertainty into such use-proved limitations. The 
ASME report (2) concludes that ‘for protection against 
damage to steel by hydrogen, relatively small amounts of 
carbon stabilizing elements are required.’ For use in a 
hydrogen-cooled reactor, the limitations on the carbon 
content of the steel must be quite severe. Supplementary 
parts may also become critical; for instance, the use of 
carbon steel springs for control rods in a hydrogen atmos- 
phere may be undesirable. The Nelson curves show surface 
decarburization for all steels above a given temperature, 
and there is a possibility of defects originating from this 
cause, especially where fatigue or stress concentration may 
be a factor. The Nelson curves are based upon the partial 
pressure of hydrogen, and refer generally to pressures 
higher than we plan to deal with in a reactor. For use in 
the hydrogen circuits of a reactor at 700 lb/in? and 800°F 
maximum metal temperature, 0°5°% Mo steel is required. 
It should be noted again that this experience has been in 
industrial work with no considerations of radiation effect. 

A number of investigations have been made to determine 
the effects of hydrogen on various metals (3). The follow- 
ing conclusions are pertinent to this application: 

1. Only aluminium of a number of metals investigated 
resists hydrogen embrittlement under various conditions of 
temperature and pressure. Also, the 300 series stainless steels 
in the severely work-hardened condition have better resist- 
ance to hydrogen embrittlement than fully annealed low 
alloy steels. 

2. Chromium steel (12%) in the Rockwell hardness range 

of C43 to C46 is extremely susceptible to hydrogen em- 

brittlement, but it shows no hydrogen embrittlement in the 

Rockwell hardness range of C23 to C25. 

3. The 400 series stainless steels are quite susceptible to 

hydrogen embrittlement in the hardened condition, whereas 
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they are resistant in the soft state. Type 420 has about the 

same resistance to hydrogen embrittlement as the 300 series 

under all conditions of temperature and pressure. 

4. Nickel and nickel-base alloys are susceptible to hydrogen 

embrittlement both at room and high temperatures. 

§. Titanium and titanium alloys in the alpha-beta condition 

are moderately susceptible to hydrogen embrittlement. How- 

ever, in the beta condition they are virtually unaffected. 

6. Copper and copper alloys, including beryllium copper 

alloys in the soft and hardened conditions, are virtually 

unaffected by high pressure hydrogen, provided oxygen con- 
tent is kept low. 

7. There are indications that alloying of steel with van- 
adium or zirconium greatly reduces susceptibility to hydro- 
gen embrittlement. 

The use of a stainless clad steel for the pressure vessel 
is an attractive possibility. However, even better solutions 
to the pressure vessel material problem are currently avail- 
able: cylindrical band-reinforced pressure-vessels, in which 
half the hoop stress in the vessel is taken by multilayers 
of thin reinforcing bands. A relatively thin inner cylindri- 
cal stainless steel shell, with hemispherical ends of similar 
thickness, is capable of carrying the remaining hoop load 
and the longitudinal stresses. This development obviates 
the serious and expensive disadvantages of fabricating 
cylindrical shells of solid stainless steel or, alternatively, 
employing clad materials. Since relatively thin shells are 
required, welding and non-destructive testing are simpli- 
fied. And since plates of large surface area can be em- 
ployed, the amount of welding is reduced. In addition, 
the relative thinness of the shell endows the vessel with 
important ductile qualities. 

Materials used in the construction of compressors, such 
as bearing metals, graphite seals, ball bearings, and spring 
steels should be investigated. Generally, hydrogenation of 
the steel in a compressor will be due to normal chemical 
and thermal conditions, as radiation will not be significant. 

The effect of hydrogen on lubricating materials may be 
minimized by new technical developments. The use of dry 
bearings is a possibility, and the alternate lubricants such 
as silicones and molybdenum disulphides provide a choice 
in a field which was hitherto restricted to organics. Gas 
bearing compressors are now available and may eliminate 
problems of lubrication in rotating machinery. 


Diffusion of hydrogen through metals 

Initially it was considered that the loss of hydrogen by 
diffusion through the pressure vessel would be significant, 
but recent work (4) has demonstrated that diffusion need 
not be considered as being a problem. Calculations have 
shown that a 50-ft pressure vessel with 3-in. wall thickness 
containing hydrogen at 300 lb/in*a would lose only 9 g/day 
of gas at 1250°F. At the design reference temperature of 
450°F, only 0-1 g of gas would be lost per day. 

If stainless clad material is used for the pressure vessel, 
the diffusion through the stainless face is so much less 
than through the carbon steel backing that the integrity of 
the backing will not be jeopardized. 


Fuel considerations in an H.-cooled core 

The fuel element is critical with respect to hydrogen— 
metal reactivity. Uranium will react with H, to form a 
hydride, and for this reason the pure metal is not desirable 
as fuel. UO, is chemically stable in the presence of H., 
however, so no difficulty is presented. Fuel canning may 
be any one of several materials. Low carbon stainless steel 
is suitable. Zirconium canning does not react with hydro- 
gen. Beryllium may react to some degree. Further investi- 
gation is required, however, if either zircaloy or beryllium 
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canning is contemplated, since reaction may be ac: 'l- 
erated by radiation. There is a possibility that one of ie 
new high silicone steels such as ‘ Thermenol’, which h: ve 
favourable neutron absorption cross-sections, may be m -e 
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favourable than stainless for canning purposes in hyd 
gen. These new steels are reported to have excellent ¢ 
rosion resistant characteristics at high temperatures. 

Another compatibility problem may be associated w h 
the weakening of the stainless steel fuel capsule due 
reaction with hydrogen. This problem will not be criti 
within the requirements of the performance expected 
the fuel elements. Furthermore, development work on 
impervious graphite fuel element may entirely elimin: e 
stainless steel from consideration. 

The compatibility of hydrogen with various fuels aid 
canning materials is shown in Tables 2 and 3 (5). 

Graphite moderator, bare, coated, or canned, is co 
patible with hydrogen at temperatures in excess of 1000": 
BeO may be used at temperatures up to 1600°C, assumi 
absolutely dry hydrogen, since BeO is volatile in tie 
presence of moisture at temperatures above 1200°C. 
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Production of methane, mass transfer of carbon 


The effect of pile radiation on the reaction between 
hydrogen and graphite is accelerative (6), and results in 
steady rates of methane production which may have no 
apparent equilibrium condition; at least the Bepo experi- 
ments up to a 0:2% concentration showed no approach 
to equilibrium. A categorical conclusion, of course, cannot 
be justified on this basis. The pile reaction at 800 mm Hg 
pressure is approximately 10 times greater than the ther 
mal reaction at 500°C. At 600°C the corresponding ratio 
is 4-4. It appears that below 600°C chemisorption is the 
determining factor, and the methane production rate is 
low. while above 600°C the decomposition of surface 
hydride or some other process of methane production 
appears to be the rate controlling process. The rate of 
production is proportional to the pressure, since the amount 
of reactive hydrogen is dependent on pressure. The radia- 
tion induced reaction has a much smaller temperature 
dependence than the pure thermal reaction, which is an 
exponential function. At 800 mm Hg pressure, the rate of 


TABLE 2 Compatibility of hydrogen with various fuels 





COATING MAXIMUM TEMPERATURE, 
OR Cin 
FUEL CAPSULE H: 
UO. (A) (B) 
UC (A) (B) 
UC. (A) (B) 
U,Si (A) (B) 
UC-Graphite None (C) > 1000 
UC-Graphite Graphite > 1000 
UO.-Graphite None (C) > 1000 
UO.-Graphite Graphite > 1000 
UO.-ThO, None (C) > 2000 
UO.-BeO None (C) 
(D) 1600 
UO.-BeO BeO (D) 1600 
UO.-AlLO; None (C) 1850 
UO.-ALO Al.O; 1850 
UO.-MgO None (C) 1400 
UO.-MgO MgO 1400 
UO.-Si-SiC None (C) 1300 
UO.-Si-SiC Si-SiC 1300 
UO.-Cr-Al.-O; None (C) 1500 
UO.-Cr-Al.-O; Cr-Al.O; 1500 


(A) Capsule required due to reactivity or for structural reasons. 
(B) Determined by the capsule material. 
(C) Some fission-gas release expected. 


(D) Coolants must be dry. BeO is volatile in the presence of 
moisture above 1200°C. 
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TABLE 3 Compatibility of hydrogen with various canning 





materials 
APSULE MATERIAL MAXIMUM TEMPERATURE, 
°Cin H, 
B 600 
A 600 
Mg 600 
y 3 200 
( 200 
M > 2000 
Stainless steel > 1000 
Graphite > 1000 
Coated graphitet > 1000 
Al and graphite 600 
Zr and graphite 200 
Stainless and graphitet ~ 800 


* Be is limited to a temperature of 600°C because of the 
volume expansion caused by n — «@ reactions. 

‘ Coated graphite would be limited only by the service- 
ability of the coating. 

t A stainless steel-graphite composite would be limited by 
the carburization reaction causing embrittlement of the stain- 
less steel capsule. 


reaction at 600°C is 1:09 times as great as at 500°C. At 
400 mm Hg pressure, the corresponding ratio is 2:07. 

At 800°C, the methane concentration due to thermal 
reaction is in the order of 4%. The back reaction is a first 
order reaction with respect to methane concentration. At 
temperatures of 400—700°C, the thermodynamic equilibrium 
may be calculated to contain methane of the order of 10° 

There is a possibility that certain materials in the gas 
stream may produce a catalytic effect which may tend to 
crack the methane. The Bepo experiments indicated a 
methane production rate as follows: 


RATE OF 


TEMP., PRESSURE, FLOW RATE, METHANE PRODUCTION, 





( mm Hg gH./min DIRECTION Micromoles/h 
S00 800 0-147 Forward 0-079 
500 800 0-147 Reverse 0-059 
500 400 0-081 Reverse 0-039 
500 400 0-081 Forward 0-027 
500 400 0-081 Forward 0-029 
S00 400 0-081 Forward 0-050 
600 400 0-081 Forward 0-058 
600 800 0-135 Forward 0-086 


Thermal neutron irradiation varied from about 5 xX 1017 
to 5 & 10'§ n/cm®. (‘ Forward’ direction indicates that gas 
was irradiated before reaching graphite. ‘ Reverse’ direc- 
tion indicates very little irradiation before reaching gra- 
phite.) 

Although it appears unlikely that the mass transfer of 
carbon will introduce significant problems, nevertheless, the 
possibility must be investigated, since the catalysis of 
methane by radiation or active metal surfaces may lead 
to the deposition of soot on fuel capsules or structural 
material. If methane production and subsequent mass 
transfer promise difficulties, consideration should be given 
to plating or cladding the graphite, even though the coat- 
ing of graphite may be difficult because of bonding process 
problems. Replaceable graphite sleeves may be used in the 
reactor channels, but these will be effective only if the 
reaction is predominantly confined to the surface. The 
introduction of an inhibitor may be possible as a means of 
removing the active species in the gas phase. 

Experiments have shown (7) that the only effect of 
added methane is to retard the reaction by approach to 
equilibrium. Methane is not an inhibitor in the usual sense. 
Shielding the graphite with a stagnant layer of CH,-H, 
mixture may not be sufficient, if further investigation 
shows that the methane production is not limited by con- 
centration. 
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Large proportions of methane, however, should be 
avoided, due to its poor heat transfer properties, and 
because of the possible carburizing effect on stainless steels. 


Some considerations in the design of an H.-cooled plant 


A rather subtle point in favour of hydrogen as a coolant 
concerns the surface/volume ratio of the fuel elements. 
The ratio must be such that the element contains enough 
fuel from a nuclear standpoint, and has enough surface 
area to permit the heat to be picked up by the coolant 
within the limits of economically obtainable heat transfer 
coefficients. The ratio, of course, can be affected by the 
choice of basic configuration and its size, and fins. In non- 
homogeneous reactors having low fuel enrichment, the 
ratio of fuel volume to hypothetical surface which ‘ sees’ 
the moderator affects the criticality of the reactor by 
influencing the number of neutrons absorbed in U-238. 
Where criticality is at a premium, there is an incentive to 
minimize the surface which ‘ sees” the moderator. 

Some differences between a hydrogen and a helium or 
CO. cooled plant are introduced because of the higher 
neutron flux which will obtain in the hydrogen plant. In- 
creased shielding will be required, and an increased radia- 
tion dose will be applied to the core components. The 
increased neutron absorption by the graphite will introduce 
additional heat into the graphite. The increased nuclear 
heating in the reactor vessel must also be allowed for. 

The high power density may lead to a shorter elapsed 
time life for the fuel elements, assuming that they are 
designed to a current value of MWd/t. The charge 
machine may be required to work faster, since the fuel 
charges may be renewed more often. The higher peak 
xenon will require more excess reactivity for satisfactory 
override, although this does not present much difficulty. 


Development work required 


It is not the intention here to solve the problems inci- 
dental to the use of hydrogen in reactor plants, but 
merely to suggest the scope and diversity of the investiga- 
tions which may be necessary. The problems which must 
be investigated in connexion with the use of hydrogen are 
as follows: 

1. Compatibility of materials with hydrogen in the presence 

of radiation, including the effect on stainless steel, spring 

steels, lubricants, and sealing materials. 

2. Effect of radiation on methane production, and decom- 

position, and the subsequent effect on mass transfer of 

carbon. 

3. The effect of methane on stainless steels in the presence 

of radiation, and the effect of hydrogen-methane mixtures 

on the problem of compatibility. 

4. Further work on the coating of graphite for use with 

hydrogen. 

5. The catalytic effect of radiation and metals in connexion 

with the production of methane and mass _ transfer 

phenomena. 


Fortunately, a large body of technical experience and 
evaluation exists which describes the effects we may anti- 
cipate in the problem areas. The application of radiation 
effects to these problems defines the scope of the necessary 
further experimental investigations which will be needed. 
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GROUNDWORK—Careers 


What opportunities are there in 
the nuclear field for the young 
scientist ? 

The problem ‘ what am I going to do’ 
becomes acute at this time of the year 
for students soon to leave schools, col- 
leges and universities. The choice of 
career made is likely to affect the whole 
of their future lives, so the question is 
an important one. 

As a useful start guidance will be 
gained from the series of Careers book- 
lets issued by H.M. Stationery Office; 
there are one hundred of them, each 
describing the main features and prac- 
tices of a profession or industry and pro- 
viding information about methods of 
recruitment and training, conditions of 
service and prospects. ‘Choosing your 
Career’ serves as a general introduction 
and deals with basic questions which 
young people need to sort out. 

Industry as a whole already employs 
24,000 scientists and the demand is grow- 
ing. In the nuclear industry, for people 
with the right qualifications, a variety of 
technical and scientific careers are open. 


The Physicist The practical application 
of nuclear fission involves many prob- 
lems which require considerations of 
physics among other things. At each 
stage of a reactor project, and each re- 
actor concept has its own peculiar prob- 
lems, the physicist is required to contri- 
bute from his special knowledge to 
feasibility calculations and to the various 
stages of design, development and com- 
missioning of the reactor. The develop- 
ment of the many electronic devices 
necessary for control and measurement 
is particularly in his field. The behav- 
iour of the reactor components also offers 
scope; irradiation of materials, especially 
nuclear fuels, causes changes in physical 
and mechanical properties. Then there is 
the long-term thermonuclear research in- 
volving many new physical problems. 
Consequently to the physicist entering 





the nuclear field the range of interests 
open to him are wide and include: 
theoretical, analytical and experimental 
aspects; electron, solid state and surface 
physics; nuclear and reactor physics; 
physical metallurgy; and plasma_re- 
search. 

The newly qualified graduate may 
have been told that if his bent is towards 
‘fundamental’ research, industry has 
little to offer. A few companies, such as 
AEI, have laboratories in which a good 
deal of basic research is undertaken; the 
Atomic Energy Authority offers even 
wider opportunities in this field. Never- 
theless, the real difference in the nature 
of the work between ‘fundamental’ re- 
search done in the university and the 
‘applied’ research of industry is no 
longer obvious (/). Temperament and 
aptitude are the main criteria, if the 
graduate has a liking for lecturing and 
the university atmosphere then he ought 
to turn to university rather than indus- 
trial research. 

Students who contemplate staying at 
the university for a Ph.D. should appre- 
ciate that the degree will not usually 
improve their prospects of advancement 
in this country, although in USA and on 
the Continent it is almost an essential 
qualification for a career in scientific re- 
search. Here the Bachelor degree is still 
looked upon as the qualification which 
represents the completion of a future 
scientist's formal university education. 

There is a strong demand, then, from 
industry for able graduates and, con- 
sequently, direct competition for those 
who are at the same time the potential 
research students whom the universities 
are keenest to retain. The first requisite 
is a good qualification—as a rule, a first 
or second class honours degree, or equi- 
valent. On the applied side this may be 
a Diploma in Technology at a compar- 
able level. 

In the Atomic Energy Authority gradu- 
ates fit either into the Scientific Officer 
grade, for men and women whose uni- 
versity record indicates a potential for 


A physicist at Los 
Alamos Scientific 
Laboratory prepar- 
ing to fire a fusion 
research device — 
part of a long-term 
effort to produce, 
sustain and control 
fusion reaction 


original research and initiative; or .¢ 
Assistant Experimental Officer gr: 
where they have the opportunity to p y 
a full part in research projects. 

Very good industrial opportunities . ¢ 
also offered to school leavers with G & 
at ‘O’ level in English, Mathema 
and the appropriate science subject. 
apprentices they can study for the Hig! 
National Certificate in Applied Phy 
on a part-time basis, release being gi 
with pay for attendance at a Techni 
College for one day a week. ‘A’ le 
apprentices may be selected for a 5-y: 
Applied Physics training on a ‘ sandwic 
basis involving alternate  six-mont! 
periods in full-time study at a Colk 
of Advanced Technology and in gain 
practical industrial experience. Success! :: 
students are awarded the Diploma 
Technology which exempts them fr 
the academic requirements for corpora:e 
membership of the Institute of Physi 
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1. ‘The postgraduate training of physicists i 
British Universities’. Institute of Physi: 
and The Physical Society. March 1960 


NEWSBRIEFS 

e Training of engineers at the CEGB 
Reactor School set up at the Berkeley 
Power Station will start in the near 
future. Students new to the industry will 
obtain introductory courses at an Ad- 
vanced College of Technology followed 
by a 6-weeks Nuclear Operations Course, 
after which they will be attached to 
a nuclear power station. Two-weck 
courses are also being given in simulator 
and general reactor theory. 

@ On May 17, the Institute of Physics 
and the Physical Society were incorpor- 
ated; the first President of the new body 
is Sir John Cockcroft. 


UK COURSES 


UKAEA Harwell Reactor School Re- 
actor Physics and Engineering. 16 weeks 
course commencing August. Fee: £250. 
2 weeks course for Senior Technical 
Executives in September. Fee: £52 10s. 
Sth course on Control and Instrumen- 
tation of Reactors, 12-23 September. 
Applications by July 25. 


Birmingham College of Advanced Tech- 
nology. Reactor Engineering and Physics 
6 weeks course commencing August. Fee: 
£60. Nuclear Power Technology. 6-8 
weeks course. Fee: £60. 


Bradford Institute of Technology Re- 
actor physics. 6 weeks course commenc- 
ing August. 

Salford Royal Technical College Reac- 
tor Physics. 6 weeks course commencing 
August; 8 weeks course commencing 
October. Fee: £60. 


Manchester University Nuclear Engineer- 
ing. | year Diploma course commencing 
September/October. Fee: £46. Nuclear 
Physics. 1 year Diploma course com- 
mencing October. 


Sir John Cass College, London Radio 
chemistry. 1 year Diploma or M.Sc 
course commencing October. 
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PROGRESS IN INDUSTRY _ 


Fuel elements for 'Dragon' 


test plant simulates reactor conditions 


To ensure the reliability of the fuel 
elements of Winfrith’s High Tempera- 


ture Gas Cooled Reactor Experiment, 


an out-of-pile test plant is being 
designed and constructed by C. A. 
Parsons at its Nuclear Research 
Centre, to be completed and proof 
tested by the end of the year. 

The experiment which is confined 
to a cluster of seven, though full 
sized fuel elements, replaces nuclear 
by electrical heating, and allows for 
a detailed study of the mechanical and 
thermodynamical properties of the 
proposed core under the envisaged 
operating conditions of coolant flow. 
pressure, temperature and heat rating. 
The scheme provides for a type and 
degree of instrumentation scarcely 
practicable in an active reactor ex- 
periment, but necessary to obtain the 
detailed information desired. 

The pressure vessel which has a 
diameter of 5 ft and a height of 18 ft, 
is designed for a temperature of 
350°C. A cylindrical cradle, suspen- 


ded near the top of the pressure ves- 
sel, carries at its lower end a grid 
supporting the seven fuel elements, 
each of which consists of seven fuel 
rods surrounded by a graphite reflec- 
tor of 3 ft outer diameter and 8 ft in 
height. 

The cooler which is a gas-to-water 
shell and tube design incorporates a 
by-pass on the gas side to achieve 
flexibility of temperature conditions. 
Cooling water is obtained under con- 
stant head conditions from a_ tank 
135 ft above ground level, to which it 
is returned via forced draught atmo- 
spheric coolers capable of dissipating 
6 MW heat. The motor/ blower unit is 
completely enclosed within a separate 
pressure vessel and has a single over- 
hung centrifugal impeller mounted on 
a shaft which runs in self-acting, gas 
lubricated journal and thrust bear- 
ings. The shaft is driven by a 3-phase 
synchronous motor supplied from an 
infinitely variable high frequency 
converter. Further control of the flow 


The experimental circuit of the ‘Dragon’ fuel 
1) element rig comprises :—1. cooler; 2. motor/blower 


unit; 


reactor vessel; 4. 0-SMW transformer; 


5. 0-S MW regulator; 6. 5 MW transformer 


As 
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conditions is obtained by a by-pass to 
the blower. 

The ring of fuel elements adjacent 
to the reflector will perform differ- 
ently to the inner fuel rods due to the 
flux distribution and the heat transfer 
through the reflector graphite to the 
inlet coolant stream in the annulus 
separating the reflector from the 
pressure shell. To simulate these con- 
ditions the six outer fuel elements are 
connected to a 5 MVA transformer 
with a 39-position on load _tap- 
change control, while the six outer 
rods of the centre fuel element are 
connected to a 500 kW transformer, 
and the centre rod to a 100 kW in- 
finitely variable transformer. 


The design of a suitable electrical 
heater for the fuel elements was 
largely governed by the high heat 
rating of the fuel and the sheath tem- 
perature of about 1000°C. This vir- 
tually limited the design to radiant 
graphite heaters which are undergoing 
long term tests in a specially designed 
rig. Another subsidiary test rig allows 
for the examination of a fully instru- 
mented prototype fuel element under 
operating conditions. 

The overall thermodynamical per- 
formance of the core will be com- 
pared with that predicted from heat 
transfer tests on single fuel elements. 
This will involve the measurement of 
mixed mean inlet and outlet tempera- 
tures, mass flow, surface temperatures 
and heat input over a range of oper- 
ating conditions. Fault conditions of 
the reactor will be simulated by 
appropriately reducing flow rate and 
heat flux level, the purpose of these 
tests being to determine whether or 
not catastrophic failure of any com- 
ponents occurs. 

Because potentially mechanical 
failure can result from vibrations and 
strains, the research programme aims 
to determine and analyse the modes 
of vibration and the magnitude of 
the various stresses and strains that 
may result from the radial heat flux 
through the graphite sheath, the 
local variations in the temperature 
and flow distribution of the coolant, 
and rapid changes of the operating 
conditions. Since the conditions 
under which the various measuring 
devices attached to the fuel elements 
must function are extremely arduous, 
a considerable amount of instrument 
development work is being carried 
out. 

To obtain final reactor operating 
data, long term experiments will be 
carried out with helium, the purity of 
which will be controlled by a plant 
capable of maintaining the amount of 
impurities on a very low level. The 
degree of purity of the helium needed 
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will be established and the perform- 
ance of the purification and storage 
plants will be assessed. 


Largest vacuum furnace 
25-ton ingots 


In collaboration with the Consolidated 
Vacuum Corporation of Rochester, 
N.Y., Heraeus of Hanau, Western 
Germany, are building the world’s 
largest vacuum melting furnace in 
which consumable electrodes made of 
steel of various compositions will be 
remelted to form ingots with a dia- 
meter of about 40 in. and a weight of 
25 tons. The annual capacity envis- 
aged for the furnace is 8000 tons; 
part of which will be supplied in the 
form of semi-finished steel, drop forg- 
ings, aircraft parts, bearings and gas 
and steam turbines. The greater part 
of the production, however, will be 
further processed at the works of 
Midvale-Heppenstall, the American 
company who gave the contract. 

Although at first only ingots with a 
diameter of up to 40in. are to be 
made, the furnace is also intended for 
carrying out research and experimen- 
tal work relating to the production of 
ingots with a diameter of up to 60 in. 
and a weight of 40 tons. The largest 
furnace of this kind up to now was 
built by the US Steel Company and 
had an ingot diameter of 33 in. for 
a weight of approximately 10 tons. 


New hose for cooling 
Terylene reinforced 


* Terylene* reinforcement is being in- 
corporated into the half-in. inside 
diameter Neoprene hose used in the 
water cooling circuit for the magnet 
coils of the new 7 GeV Proton Syn- 
chrotron * Nimrod’ being built at the 
Rutherford High Energy Laboratory, 
Harwell. This polyester fibre made by 
ICI has been chosen because of its 
high strength, heat resistance and re- 
sistance to stretching under load. 


Temperature monitoring 
special purpose computers 


Temperature scanning equipment for 
Windscale is being constructed by the 
English Electric Co. and it will be 
used for monitoring the fuel can tem- 
perature in the reactor plant. Tem- 
peratures are to be measured by 1250 
thermocouples located at points asso- 
ciated with the reactor and the equip- 
ment scans the thermocouples in 
sequence and tests each in turn to 
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ensure that the temperature lies within 
specified limits and gives alarm indi- 
cation should this be exceeded. The 
alarm information produced will in- 
clude the exact location of the off 
limit registering thermocouple as well 
as recording the temperature by which 
the set limit has been exceeded. The 
time of the occurrence is also noted 
and an automatic print-out of all the 
information is recorded. 


For this type of special purp se 
digital computer a system of builc 1g 
bricks has been developed which re 
easily inter-connected. These bri: :s, 
called Datapacs, each of which cc n- 
prises a particular logical elem< it, 
permit the economic development of 
individually tailored computer syst« 1s 
to meet specific requirements d 
embody transistors and other n 
ature components. 


Radiochemical facilities extended 


new laboratories anticipate demaiid 


The two new radioactive laboratories 
at the Radiochemical Centre, Amer- 
sham, that were recently inaugurated, 
are part of a programme of technical 
developments to enable the centre to 
meet the rapidly growing demand for 
radioactive products. The two build- 
ings, which cost £278,000 and cover 
30,000 ft-, serve distinct purposes 
which have dictated quite different 
layouts. They are similar structurally, 
however, in having precast concrete 
frames with aluminium curtain walling. 

The Organic Laboratory, which is 
on two floors, is designed for chemi- 
cal and biological work with carbon- 
14 and tritium and no heavy screen- 
ing is necessary. The _ technical 
requirements in the Alpha Laboratory 
however are quite different; work 
with radium and other naturally- 
occurring radioelements require heavy 
screening and remote handling equip- 
ment. The laboratory has therefore 
been planned on one floor only and 
its centrepiece is a block of four hot 
benches screened with 3 to 4 ft of 
concrete and up to 10 in. of lead. 





Each bench is 50 ft long and acc 
modates a system of inter-connectii 
reaction boxes. 

Work which is handled by mecha 
cal manipulators is viewed throu 
lead glass windows up to 18 in. thic 
and a_ remotely-controlled electric 
railway runs within the boxes so that 
active material can be conveyed 
quickly and safely from one to an- 
other. For ease of contamination the 
boxes are constructed of glass-rein- 
forced polyester resin and coated with 
a strippable lacquer. A suite of 3 hot 
caves are also available for handling 
up to a kilocurie of caesium-137 or 
corresponding amounts of mixed fis- 
sion products. Each cave consists of a 
large steel box surrounded by 3 ft of 
concrete of density 1481b/ft* and 
operations are viewed through a 3 ft 
zinc bromide window with inner sur- 
faces consisting of two sheets of | in. 
cerium stabilized glass. All the reac- 
tion boxes in the Alpha Laboratory 
are connected to a separate exhaust 
system which discharges to air at 75 ft 
above the ground. 


a FT qo 7 


po 


Caesium 137 gamma- 
ray sources are be- 
ing produced in this 
suite of caves, part 
of the new Alpha 
Laboratory at Am- 
ersham 
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R cording photons 
electron amplifier 


Av electronic tube, the Astracon, has 
been developed by Westinghouse that 
makes visible every elementary par- 
ticle of light that triggers its ultra- 
sensitive input. 

The individual particles of light, or 
photons, are focused by lenses on to 
a light-sensitive screen, the surface of 
which ejects electrons. Each ejected 
electron is accelerated forward by 
2000 V on to a thin two-layer film, 
only a few millionths of an inch 
thick; the front surface of which is 
aluminium ; the back having a thicker 
deposit of insulating material. 

The electron penetrates into the in- 
sulator and releases four or five addi- 
tional electrons which are accelerated 
into a second film, or dynode, where 
the electron multiplication is repeated. 
By using five such steps, a single elec- 
tron is multiplied into a swarm of 
about 3000. These are given a final 
20,000 V boost and are aimed into a 
thin layer of fluorescent material at 
the output end of the tube. Here they 
release 20,000 or more photons of 
visible light. Individual electrons 
therefore show up as a separate flash 
of light. 

This facility for recording photons 
will now permit the tracking of high- 
energy cosmic rays and other particles 
which have not been visible before. 


Improved flowmeter 
use with viscous liquids 


A major snag with existing types of 
flowmeter is their internally-tapered 
glass calibration tubes. Such tubes are 
expensive to manufacture because of 
the internal grinding and _ polishing 
operations needed to produce a high 
standard of accuracy on the internal 
taper. Apart from their fragility, it is 
also. difficult to heat them when 
operating with viscous liquids because 
any heating jacket must be cut away 
to allow the level of the float to be 
read off against graduations on the 
tube walls. 

An Atomic Energy Authority en- 
gineer has produced an improved 
design which uses an ordinary straight- 
bored tube to carry the liquid under 
observation but inside this tube is 
placed an externally tapered rod on 
which an annular float can move up 
or down with increasing or decreasing 
slow speed. 

This rod will usually be made of 
metal and the taper can be formed to 
high accuracy by ordinary machine- 
shop practice. With viscous liquids, 
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heat can be provided directly by pass- 
ing an electric current through the 
rod, or by using a hollow tube con- 
taining an electrical heating element, 
or again by passing a hot liquid 
through such a tube. 


Vacuum seals 
longer valve life 


Metal seals for vacuum valves have 
a very short operational life, while 
non-metallic seals cannot be used at 
high temperatures. A sealing system 
has been developed at Harwell which 
gets round both these failings by pro- 
viding a new metal seal at each 
closure to give an efficient vacuum 
over a much longer life. 

It consists of a deformable metal 
valve seat washer which, by plastic 
flow, forms a seal through pressure 
from a flange on the nose portion of 
the valve. When the nose portion is 
withdrawn, its flange forces the 
washer to a position similar to its 
Original position in the valve seat. 
Work-hardening may occur after re- 
peated use, but this can be relieved 
by baking the entire valve to anneal 
the washer and using again. 

The deformable washer can be 
made from gold, platinum, palladium, 
copper, aluminium and lead, or alloys 
of these having suitable ductility ; 
while the valve spindle and valve body 
would normally be made of stainless 
steel. 


Sub-critical teaching facility 
flexibility extends range 


A sub-critical facility, operated in 
conjunction with a pulsed neutron 
source, has been installed at Birming- 
ham University and at the Royal 
Naval College, Greenwich. This Miles 
Hivolt sub-critical reactor BU10 uses 
natural uranium rods, canned in very 
high purity aluminium, horizontally 
positioned between vertical lattice 
plates. The rods are 434 in. long and 
1-22 in. in diameter. 

The reactor is designed to give 
easy access to the uranium rods, lat- 
tice plates and neutron targets so that 
they can be rearranged, changed, or 
replaced as necessary. The standard 
lattice plates are designed to form a 
square lattice of pitch 1-9 in. carrying 
324 uranium rods, a total weight of 5 
tonnes. A smaller quantity of fuel 
between 2 and 5 tonnes can be used 
with reflected assemblies; alternative 
and additional lattice configurations 
can be supplied. Reflected and non- 
reflected experiments are made pos- 


sible by using one of two different 
sized stainless steel tanks which can 
be raised to position and then filled 
with demineralized water. 

For studies on unrefiected system, 
a 200-gal tank is used which fits 
closely around the lattice assembly ; a 
650-gal tank provides a water reflec- 
tor. The facility is supported in a 
framework (not shown below) and the 
platform round the tank enables moni- 
toring and counting equipment to be 
inserted into the lattice. A special tra- 
versing mechanism accurately positions 
measuring foils and detectors and 
operates along three axes covering the 
whole system. 

The neutron generator uses a 
150 kV 1mA positive ion accelerator 
with suitable neutron producing tar- 
gets coupled to the reactor via a stain- 
less steel drift tube which can be 
passed through the reactor in any one 
of four positions. The target can be 
placed at any position in this tube 
relative to the lattice plates. The 
neutron output which is between 10° 
and 10!” neutrons/sec can be continu- 
ous or pulsed, a combination that en- 
ables the study of important reactor 
parameters as well as time dependent 
phenomena. 








1, target; 2. fuel rods; 3. lattice plate; 4. 
alternative target holes; 5. probe; 6. probe 
locator; 7. indexed lateral angle; 8. indexed 
longitudinal beam; 9. lattice plate spacer; 10. 
tank winch cable tensioner; 11. drift tube from 
particle accelerator; 12. target; 13. cooling 
water pipes; 14. ‘O’ type sealing rings 











The Miles Hivolt sub-critical installa- 
tion and target. The large water reflec- 
tor tank is in position 
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Points from 


reports, meetings, conferences 


BOILING SLURRY REACTOR 

An experiment to test the feasibility of 
the boiling slurry reactor concept is 
described in report ANL-6148 from the 
Argonne National Laboratory. A system 
pressure of 150 lb/in® has been chosen 
for the design study although a higher 
pressure would have been desirable. The 
plant is designed for maximum power 
operation at 5 MW, this giving sufficient 
flexibility in the design so that if the 
initial low-power experiments are suc- 
cessful, high-power experiments can be 
run to obtain reactor design data. 

The reactor experiment should fill 
some of the major gaps in our knowledge 
of slurry technology, the most important 
of which is the behaviour of slurries 
under actual reactor conditions. Also the 
effects of radiation and fission products 
on the flow and deformation properties 
of slurries need to be established. 

The report states that the boiling 
slurry reactor may be regarded as a 
crossbreed of the heterogeneous boiling 
reactor and the homogeneous reactor 
concepts, retaining much of the simpli- 
city of the former and the promising fuel 
cycle of the latter. The reactor basically 
consists of a vessel in which the slurry 
is circulated by natural convection and 
from which steam is withdrawn directly, 
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Schematic diagrams of reactor systems, 
(a) internal guide structure placed so 
that boiling can take place only in the 
upcomer, (b) the core has multiple 
risers and downcomers connected to 
drums for vapour separation. This latter 
arrangement is probably necessary for a 
high-power density, large total power 
reactor and has been chosen for the 
reactor experiments 
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providing evaporative cooling. The 
natural convection of the slurry is main- 
tained by the boiling process, The boiling 
slurry reactor can be a burner-converter 
operating either on U-H:0-Th_ or 
U-H.0-Pu fuel cycles depending on the 
development of slurry technology. As a 
breeder it would operate on _ the 
U-D.O-Th cycle. 

More specifically the report lists these 
advantages of the concept: high specific 
power and high power density opera- 
tion, values range from 10-40 kW/I; 
potentially attractive fuel cycle; excellent 
heat transfer characteristics; the number 
of external components is reduced, easing 
the remote-maintenance problem; excel- 
lent safety characteristics; simple control 
and operation and primary circulation 
by natural circulation which eliminates 
the need for recirculating pumps and 
their associated hardware. 


NUCLEAR SHIP ACCIDENTS 

An analysis carried out by scientists from 
Oak Ridge National Laboratory has led 
them to conclude that the exposures 
which would ensue from potential acci- 
dents following the operation of NS 
*Savannah* at Camden, New Jersey, 
should not cause any undue hazard to 
the surrounding populace. 

The work fully described in report 
ORNL-2867, considers two variations of 
the ‘maximum credible accident’; one 
where the activity is released to the at- 
mosphere and the other where the vessel 
sinks and the activity is released to the 
water, In the former case because of the 
contained pressurized-water reactor sys- 
tem within a ventilated ship’s compart- 
ment, no person would receive more than 
0-3 rem total integrated exposure; the 
total population exposure would be 4060 
man-rems or less. Analysis of the re- 
lease of activity to the Delaware River 
using model data showed that maximum 
concentrations only slightly exceeded the 
continuous occupational exposure levels. 


SODIUM-DEUTERIUM REACTORS 
The conclusion reached in a report from 
the Nuclear Development Corporation of 
America is that natural uranium sodium- 
cooled heavy-water moderated reactors 
(SpR’s) with 200 MWe output could 
be in operation by 1965 at a cost of 
10-11 mills/kKWh; later reactors should 
reach 8-5 mills/kWh. 

The report, NDA-84-15 (vols. I and 
II), also states that using materials and 
technology currently available it would 
be feasible to build an SDR using natural 
uranium for power plants ranging from 
40 MWe to 500 MWe and higher. The 
200 MWe spr would produce good 
steam conditions, 1000°F and _ 1450 
Ib/in*g, operating on natural uranium, 





though this design does not lead to 
lowest power costs, Materials under >- 


oO 


velopment give promise of econo: ic 
second generation natural urani n 
SDR’s giving modern steam plant co 
tions, 1050°F and 2400 Ib/in?g. 

The report recommends that a sligi ‘y 
enriched pilot reactor should be b it 
to obtain construction and operating \- 
perience and that concurrently nat. al 
uranium cell and critical assembly - 
periments should be performed ir a 
separate facility to extend the nuc) ir 
physics data to cover the core desi; 1s 
contemplated. 

It is hoped that these and other p o- 
grammes will lead to the development of 
a satisfactory UC fuel and improve -he 
performance of metallic uranium. Other 
aims are the development and commer- 
cialization of high temperature, low 
cross-section tube and canning materi.ls 
such as niobium and high-temperature 
zirconium alloys. The use of fuel clusters 
should lead to conversion ratios greater 
than unity. 


CYLINDRICAL PRESSURE VESSELS 
The current issue of Chartered Mechani- 
cal Engineer (June 1960) publishes a 
summary of a paper by Mr. R. W. Lakin 
and Dr. S. S. Gill entitled * The design 
of a reinforced cylinder for a nuclear 
reactor pressure vessel.’ 

Using hemispherical end-closures and 
with the wall thickness of the cylinder 
the same as the ends, the longitudinal 
stresses in the cylindrical portion are 
stated to be the same as the membrane 
stress in the ends. The problem of re- 
inforcing the cylinder is thus reduced to 
one of providing circumferential rein- 
forcement only. 

The results of model experiments and 
of a full-scale wrapping investigation 
carried out on a 10-ft deep strake from 
the 50-ft diameter Berkeley reactor pres- 
sure vessel, and on the barrel portion of 
the No. 2 reactor pressure vessel at the 
Berkeley site are described. The results 
indicate that the maximum permissible 
design pressure of a reinforced cylindri- 
cal reactor pressure vessel would be 1:8 
times that of an unreinforced pressure 
vessel having the same diameter and 
plate thickness. 


New Reports 





Mechanical properties of steels for sodium 
service. . T. Anderson. Atomics Interna- 
tional. March 1960. Report NAA-SR-4509 
Available from OTS $2-75 or depository 
library. 


Properties of high-temperature ceramics and 
cermets—elasticity and density at room tem- 
peratures. S. M. Lang. National Bureau of 
Standards monograph no. 6. March 1960. 
Available from Superintendent of Docu- 
ments, US Government Printing Office at 
25 cents. 


Nuclear incident at the Idaho chemical pro- 
cessing plant. USAEC May 1960. Report 
IDO-10053. Available from OTS $2-25 or 
depository library. 


Possible large-scale uses of separated fission 
products. USAEC May 1960. Report T/D- 
8521. Available from OTS 50 cents. 
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AEA LICENSING AGREEMENTS The 
recent collaboration and licence agree- 
ments signed between the UK Atomic 
Energy Authority and the two chemical 
engineering companies, W. J. Fraser and 
Co. Ltd. of Romford and Nuclear Chem- 
ical Plant Ltd. of West Ealing, are ex- 
pected to help British industry compete 
for export business in the design and 
manufacture of radioactive chemical pro- 
cessing plant. They are the first agree- 
ments of their kind since the AEA 
decided in 1957 to collaborate with 
British chemical plant manufacturers de- 
siring to enter the nuclear chemical field. 
The agreements, which will enable the 
firms to make use of the Authority’s 
knowledge and experience in payment 
for royalties, will cover plant and pro- 
cesses for the production of uranium 
metal billets from uranium ore concen- 
trate and the reprocessing of irradiated 
nuclear fuel elements. There are provi- 
sions for extending the scope of the 
agreements (see Worldview this issue). 


MONITORS FOR AEA Avo Limited, a 
company in the Metal Industries Group, 
has received a _ contract from the 
UKAEA for a quantity of Avo Hot Spot 
Monitors which are used for measuring 
beta, gamma and X radiation. 


IEA EXHIBITION ATTENDANCE More 
than 75,000 visitors attended the /nstru- 
ments, Electronics and Automation Ex- 
hibition which closed in London at the 
end of May. Of this total, more than 
4000 came from 61 different countries 
This year’s exhibition was more than 
twice the size of the previous one in 
1958. 


COMPUTER ORDER FOR FERRANTI An 
order worth £250,000 for an Orion elec- 
tronic computer has been placed with 
Ferranti Ltd by the National Institute 
for Research in Nuclear Science. It will 
be installed at the Rutherford High 
Energy Laboratory at Harwell and will 
be used for analysis and computation of 
data from Nimrod, the 7 GeV _ proton- 
synchrotron now under construction at 
Harwell. Delivery’is scheduled for early 
1962. 


REACTOR SIMULATORS COMPLETED 
lwo orders for reactor simulators re- 
ceived by British firms have now been 
completed. Both are analogue computers, 
one having been designed by Miles Elec- 
tronics Ltd and the other by General 
Precision Systems Ltd. 

Miles have delivered their computer to 
the Society for Promotion of Nuclear 
Research in Diisseldorf where it will be 
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used for reactor operator training, for 
testing reactor control gear and for com- 
putation. 

General Precision designed and built 
their simulator for the Reactor School, 
Harwell, where it will be used for in- 
struction in the theory and practice of 
reactor control. It was exhibited at the 
Instruments, Electronics and Automation 
Exhibition before being delivered. A fea- 
ture of the equipment is that a range of 
reactor power from 1/10 watt to 1000 
MW is covered without a break over the 
10 decades by transposing the reactor 
kinetic equations into logarithmic form. 


DC BATTERIES FOR HINKLEY Pritchett 
and Gold and EPS Company are supply- 
ing eight large direct current batteries 
together with mercury are and selenium 
rectifier charging equipment for the Cen- 
tral Electricity Generating Board’s 500 
MW power station at Hinkley Point, 
Somerset. 


ANGLO-GERMAN TIE-UP A company to 
take part in the entire field of plant 
design, engineering and construction for 
the chemical and man-made fibre indus- 
tries has been formed by Vickers Limited 
and Herr Hans J. Zimmer of Frankfurt. 
Both firms hold an equal share of the 
equity of the new enterprise, Hans J. 
Zimmer Aktiengesellschaft Feur Indus- 
tricanlagenbau. 


POLAROGRAPHS FOR CHINA Southern 
Instruments Ltd in the year to March 31, 
1960, supplied ten of their K 1000 cath- 
ode ray polarographs worth £8000 to the 
People’s Republic of China. Thirteen of 
these instruments are now in use in 
China. 


OVERSEAS 


JAPANESE FUEL PROCESSING PLANT 
A pilot plant for the refining and fabri- 
cation of nuclear fuels is to be built by 
the Furukawa Electric Company Limited, 
at Tokai Mura. The company is a mem- 
ber of the First Atomic Power Industry 
Group which is the subcontractor for the 
UK GEC’s 150 MW station being built 
at Tokai Mura. 

The First Atomic Power Industry 
Group is also completing work on a 
radiation research institute at Takeyama, 
Yokosuka City, near Rikkyo University. 
Work is expected to be finished by the 
end of July this year. The Institute is 
chiefly devoted to the study of radiation 
and radioisotopes and is scheduled to be 
equipped with a 12 MeV linear accelera- 
tor which will be the largest in Japan. 


US NUCLEAR CONSULTANTS A new 
technical service organization, Nuclear 
Utility Services Inc, has been formed in 
Washington to help electric utility com- 
panies plan and operate nuclear power 
plants. Among the services the company 
is prepared to render are counsel on the 
choice, purchase and use of nuclear fuels 
and assistance on the technical and 
managerial problems peculiar to the nu- 
clear power industry. 


ITALIAN SUBSIDIARY FORMED A new 
subsidiary company with headquarters 
in Milan, has been formed by Ether 
Langham Thompson Ltd of Steven- 
age, Herts. This new concern, Ether 
Langham Thompson (Italiana) Ltd, will 
market and manufacture products made 
by the parent firm’s subsidiary companies 
and, in addition, has completed agency 
agreements with other British and inter- 
national firms in the field of instrumen- 
tation. 


REACTOR BUILDING CONTRACT An 
architectural and engineering services’ 
contract for a laboratory and reactor 
building for the Ames Laboratory, Iowa 
State University of Science and Techno- 
logy, has been awarded by the US 
Atomic Energy Commission to Burns 
and Roe Inc of New York. Nuclear de- 
sign services for the 5 MW research 
reactor itself will be handled by AMF 
Atomics. 





FIRST US REACTOR PATENT ISSUED 
Diagrams of the reactor system for re- 
search and training, for which the first 
US patent issued to a private firm has 
been granted, are examined by John W. 
Flora, group leader of reactor kinetics 
for Atomics International. This labora- 
tory reactor, designed by Mr. Flora, is 
only eight feet high and eight feet in 
diameter. It is fuelled by enriched uran- 
ium in solution and is designed specific- 
ally for educational, medical, industrial 
and biological research 


Our June picture, on page 128, of the Geo. 
ray & Co. Ltd. stand at Hanover showed 
Mr. R. L. C. Harnden, field sales manager, 
and not Mr. Gunter Engelhardt, the firm’s 
German representative. 
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New Product Survey 


EQUIPMENT : INSTRUMENTS -: MATERIALS 


ULTRA SPEED CAMERA 


new research tool 


A movie camera that can stretch the 
events of one second into 28 hours is 
now in production. By combining opti- 
cal, electronic and mechanical principles, 
the new ultra speed camera can take 
from 480 to 1,600,000 pictures per second 
on standard 35mm film, in black and 
white or colour. It was originally de- 
signed for the purpose of photographing 
gas bubbles appearing in turbulent fluids, 
bubbles which are born and die within a 
few thousandths of a second, but during 
their short life span produce cavitation. 

The improved commercial model, built 
by the Benson-Lehner Corporation per- 
mits motion to be frozen while studying 
arc discharges, explosive reactions, frag- 
mentation processes, high frequency 
fatigue and many other ultra-fast events. 
An electro-optical shutter is used which 
controls passage of light by means of 
ultra rapid electric pulses. The shutter 
assembly consists essentially of two 
polaroid filters and a cell filled with a 
special substance in an electric field. 
When the field is off, no light passes 
through the assembly. When a_ high 
energy electric pulse is applied, the light 
is polarized in such a manner that it 
passes freely through the filters. One or 
two optical lenses focus the image onto 
a rotating mirror in the film box. 

The film remains stationary while the 
mirror revolves at the rate of 100,000 
rpm. The rotating mirror is a piece of 
nickel-plated aluminium shaped like a 
wedge and attached to the staff of a high 


Over one million pictures per second 
can be taken on this Benson-Lehner 


camera 
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speed, air driven turbine. Placed at the 
centre of the circular film box, the 
mirror directs the light rays to the film 
so that the image travels along the inside 
rim of the circular film box. The speed 
of operation of the electro-optical shutter 
is determined by the speed at which the 
electric field is applied and removed. For 
the rates required in this camera, a very 
short pulse of 18,000 volts and 20 amps 
is used to control the field. 

Tick No 208 on reply card 


THREE-DIMENSIONAL TELEVISION 


aids remote handling 
A new three-dimensional television sys- 
tem, particularly useful for remote ob- 
servation, control and manipulation of 





The Pye beam-splitting attachment for 
3-D viewing can be added to existing 
installations. Viewing attachments are 
made to suit all standard monitor sizes. 


materials and processes, has been devel- 
oped by Pye. It can be attached to any 
existing closed-circuit TV installation. 

A master slave manipulator can be 
used in conjunction with the new equip- 
ment for remote handling; the operator, 
having stereoscopic vision, can pick up 
any article by remote control. To recreate 
the full sense of depth as seen optically 
it is necessary to obtain two views at 
the same time from slightly displaced 
viewpoints, 2} in. apart. Instead of using 
two separate cameras the stereoscopic 
effect is obtained by a mirror beam split- 
ting system at the camera position and a 
system of mirrors at the monitor position 
having the effect of providing each eye 
with the relevant picture information. 

Tick No 209 on reply card 


HIGH VACUUM PUMP 


fail safe automatic unit 
A general purpose combined pumping 
unit designed by NGN Electrical obtains 








NGN pumping units operate at either 
5 X 10-©mm Hg with 23. litres/sec or 
1 X 10-4 with 100 litres/sec 


high vacuum from a fully automatic 
pumping unit with single lever operation 
control and it is fully protected against 
power failure, accidental stoppage or a 
drop in water pressure. 

If the plant is positioned on fine pump 
and the power supply is inadvertently 
cut off, the backing line is closed by a 
magnetic isolation valve and air is auto- 
matically admitted through an air admit- 
tance valve, the operation of these two 
valves being delayed by a _ two-second 
dwell in time. This prevents oil being 
sucked out of the rotary pump into 
the backing or roughing line. If the cool- 
ing water to the diffusion pump is inad- 
vertently cut off a red light indication is 
given to the operator and the heater 
to the diffusion pump is automatically 
shut down. 

The operating handle has four posi- 
tions—rough pump, fine pump, isolation 
and air admittance. When the unit is set 
on rough pump, the vessel being evacu- 
ated is pumped down to approximately 
350 microns before fine pump selection 
occurs, which brings the diffusion pump 
into circuit; at this setting the rotary 
pump acts as the backing pump. The 
isolation position of the lever isolates 
both pumps from the vessel and on air 
admittance a magnetic valve is actuated, 
permitting air to enter the evacuated ves- 
sel. The unit is now ready for another 
cycle of operations. 

Tick No 210 on reply card 


GAMMA BACKSCATTER GAUGE 


corrosion detection 
Portable and self-contained, Ekco’s Type 
N563 gauge is designed primarily for the 
detection of small flaws and points of 
excessive corrosion on both inner and 
outer walls of pipes. Employing the 
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est printed circuit and transistor tech- 
jues, this instrument is powered by six 
s.andard 1-5 V dry cells, with a battery 
e of about 60 hours with normal use. 
Type N563 consists of an indicator unit 
da head unit. When the measuring head 
placed in position against the object 
be gauged, gamma rays are emitted, 
proportion of which is reflected back 
a scintillation counter and converted 
nto electrical impulses. These are then 
nplified and passed to the gauge cir- 
iits. The instrument is calibrated for 
iild steel with two ranges of measure- 
ment: 0-6-0mm and 5-0-18 mm, but it 
can be used equally well with other 
materials. 


c 


Tick No 211 on reply card 


EFFLUENT SAMPLING 
24-h pumping cycle 
An effluent sampler marketed by 
Intereng combines portability with low 
operating cost and ease of maintenance. 
It weighs less than thirty pounds includ- 
ing batteries and it fits into a space of 
less than one and one quarter cubic feet. 
One set of three No. 6 dry cell batteries 
will operate the sampler for periods of 
up to three or four months without re- 
placement. It operates on a continuous 
pumping cycle to give a complete accur- 
ate evaluation of the effluent discharge 
over a twenty-four hour period. The 
pumping rate is set to accumulate a two 
gallon sample in twenty-four hours. An 
automatic float cut-off which operates 
when the container has filled prevents 
accidental overflow. 
The pumping mechanism consists of 
a plastic valveless piston pump driven 
by a fractional watt electric motor. The 
average current required by the motor is 
approximately 0-025 amperes at 4-5 
volts (one-tenth the current taken by 
in average flash light bulb) when pump- 
ing to a lift of three feet from stream 
level. The motor, float switch and con- 
trol switch are all independently en- 
closed. If used for sampling radioactive 
effluent it can be easily decontaminated. 
Tick No 212 on reply card 


PRESSURE RECORDER 
96 points probed 


A 96-channel pressure recorder has been 
designed by Gresham primarily for wind 
tunnel experiments. The pressure infor- 
mation is first obtained in analogue form 
from strain gauge transducers and 
digitized with the aid of a self- 
balancing potentiometer mechanism. The 
binary number thus obtained is passed 
automatically to a predetermined posi- 
tion in a 4096 bit matrix core store 
where it is held along with certain other 
information relevant to that particular 
pressure point. When the store is full its 
contents are transferred to the punched 
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card machine at a rate which is deter- 
mined by the mechanism of this machine. 
The information from the 96 pressure 
points is recorded on four punched 
cards. 

This equipment uses fully transistor 
and magnetic core circuit techniques; all 
logical circuits are assembled on printed 
boards and units are rack-mounted. 

Tick No 213 on reply card 


TEMPERATURE MONITORING 


multi-point scanner 
A multi-point scanner has been designed 
by West Instrument for the continuous 
monitoring of temperatures at up to 





The West multi-point scanner showing 
the enclosed mercury switch assembly 
on the lower half of the front panel 


twelve positions in succession. The tem- 
perature indication consists of a standard 
West moving-coil millivoltmeter with a 
five-inch scale, and sensing is by means 
of a thermocouple or resistance bulb 
arrangement, according to the tempera- 
tures involved; thermocouple — sensing 
being effective above 200°C. The resis- 
tance bulb instrument is connected direct 
to mains supply without additional trans- 
formers, the mains being rectified and 
stabilized to give a d.c. source within the 
instrument. 

The instruments can be arranged for 
two types of action. A single, maximum 
temperature can be pre-set on the scale 
and, if the temperature at any of the 
scanned points reaches this, scanning 
stops and an alarm or trip action to 
shut down the machinery comes into 
operation. On the second arrangement, 
two temperatures can be set on the scale. 
If the temperatures scanned reach the 
lower point, a relay is operated provid- 
ing the necessary contact for an alarm; 
then, if the temperature reaches the 
second, a trip action is brought into 
operation. 

Each sensing element is switched to 
the indicator in turn through mercury 
switches operated by a cam driven from 
a synchronous electric motor. A keyed 


setting knob is provided which, once the 
setting has been made, can be withdrawn 
and thus prevent unauthorized alteration 
of the set points. 

Tick No 214 on reply card 


STORAGE OSCILLOSCOPE 


fast transient study 
A new oscilloscope from Cawkells is de- 
signed to extend the range of measure- 
ment for the study of fast transient 
waveforms. Remscope S01 uses a new 
type of cathode-ray tube which will 
store and display single transient signals 
for long periods. By altering the operat- 
ing conditions, the tube may be used to 
give a display similar to that given with 
long persistence phosphors but with 
greater brilliance and variable persistence 
under the control of the user. 

The E702A tube has two electron guns 
in its neck. One of these, the writing gun, 
is of conventional design with a high 
velocity beam which is focused and 
deflected in the normal way. The second 
gun, the flood gun, is undeflected and 
produces a parallel beam of low velocity 
electrons covering the whole screen area. 

Between the guns and the fluorescent 
screen are interposed (going from neck 
to screen) a positively charged grid and 
the storage mesh which consists of a 
very thin deposit of insulating material. 

Tick No 215 on reply card 


15-MeV BETATRON 


thickness range extended 
The Siemens 15-MeV Mobile Betatron, 
which is being marketed by Pantak for 
non-destructive testing of thicknesses 
beyond 4 in., is essentially an electro- 
magnet shaped in the form of a shell- 
type transformer containing an air gap 
in its middle leg. A magnetic flux is 
created in which electrons are accel- 
erated almost to the speed of light in a 
doughnut-shaped accelerator tube sur- 
rounding the electromagnet, finally strik- 
ing a platinum target, giving rise to 
extremely high energy X-rays. 
The magnet has two rotation-sym- 
metrical poles with parallel faces arranged 


The Siemens 15MeV mobile betatron 

reveals flaws in 8in. steel after only a 

few minutes, or up to two hours for 
16 in. thicknesses 
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as a two-legged yoke, the distribution of 
the field produced being governed by 
pole piles which are clamped between 
the poles. These pole pieces govern the 
location of the orbit of the flux and the 
strength of the magnetic force which 
stabilizes it and both the pieces and the 
surrounding accelerator tube are pneu- 
matically pressed into contact with the 
magnetic yoke. 

The accelerator tube is constructed of 
a ceramic known as frequenta, the inner 
wall being coated with a metal film. The 
materials used are degassed and the 
tube is evacuated to the low pressure of 
10-* torr. 

The magnet coils are energized by a 
regulating transformer connected directly 
to a 50-cycle 3-phase mains supply, the 
consumption amounting to approximately 
12kVA and a regulator is employed to 
correct mains voltage fluctuations be- 


PORTABLE COUNT SCALER 
low 
A battery operated geiger-miiller detec- 
tor, the EPGM 10, has been developed 
by French CSF for such field applica- 
tions as radioactive tracers, effluent pol- 
lution, fall out and nuclear resonance. It 
has been designed for accurate counting 
in the presence of background noise and 
can measure radioactivity of low intensity. 
The instrument has the following 
specifications: a maximum counting rate 
of 10° counts/sec; resolution time of 
lower than 5 microseconds; and a 
threshold variation of 1-6 volts. Using 
eight 1-5 V batteries, the instrument can 
operate unattended for twelve hours at 
temperatures varying from 0-45°C. 
The cover-handle part of the case 
carries, on its upper side, the controls 


tween 180 and 240 volts. The Betatron 
is operated from a small portable control 
case, and with a total weight of under 34 
tons it may be readily transported by 
truck from site to site. 

Substantial savings in exposure time 
with this new tool are claimed; only a 
few minutes for steel thicknesses of be- 
tween 6-8in., whilst that for a 16 in. 
thickness of steel is between one and 
two hours, as compared with an ex- 
posure of several days which would be 
required even with a supervoltage X-ray 
tube of the conventional type. In addi- 
tion, a new technique of radiographing 
a workpiece whilst still hot is possible, 
eliminating the cooling-for-examination 
stage where flaws may develop. A magni- 
fication technique is also possible giving 
an image of up to three times the size 
of the flaw. 

Tick No 216 on reply card 


intensity measurements possible 


which include a 6-position switch for dif- 
ferent counts; and a threshold regulating 
button. The display array consists of 4 
columns (one per decade) of 4 windows, 
the code used being 1-2-4-8. Underneath 
the cover are fixed the transistorized 
printed circuits and other equipment. 

There are two kinds of probe, type A, 
primarily for alpha detection, accom- 
modates organic counters 13A6-13A7- 
8AP7; and type B for beta and gamma 
radiation, using counters 3G-3G12-3B17. 
The top part of Probe A, just visible in 
the photograph, contains the reamplifier. 
The lower end carries the counters. 

The overall dimensions are: length 
18in., width 8in., height 104 in. and the 
total weight 25 Ib. 

Tick No 217 on reply card 


The CSF EPGM-10 transistorized portable counter weighs 25lb and has two 
probes: a tube with grilled window for beta and gamma counts and an enclosed 
cylinder probe for alpha radiation 
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IN BRIEF 


@ Thickness gauge. Nash and Thomps: 
have introduced the Accuratest type F 
gauge for measuring, by means of indu 
tance in a probe, the thickness of no 
conducting coatings on non-ferrous bas 
metals over three ranges of 0-0-0025 i 
0-0-005 in. and 0—0-01 in. 

Tick No 218 on reply ca 


e@ Ultrasonic cleaning. Kerry's Juni 
range of general purpose equipment ha\ 
transducers mounted into the base of 
round stainless steel container and ope 
ate at 40kc/s. They can be used fi 
instrument parts, hydraulic valve con 
ponents, etc. 

Tick No 219 on reply card 


e@ Industrial radiography. Research and 
Control’s automatic control table, intro 
duced for use with the Muller MG.150 
300 radiography d.c. unit, incorporates a 
tube selector that is mechanically coupled 
to the mains switch and, by preselecting 
each tube position, the loading charac 
teristic of the apparatus is automatically 
adapted to the nomogram of the tube. 
Tick No 220 on reply card 


@ Mechanical packings. Crane’s 1040 
and 1041 packaged sealing units can be 
used in valves, and in control, com- 
pensating gear and servo mechanisms, 
especially where highly corrosive liquids 
or gases are being handled. They seal 
positively and are pressure tight on rotary 
screw and axially moving spindles up to 
at least 500 Ib/in?. 

Tick No 221 on reply card 


@ Stop valves. The ‘F’-type bronze 
globe pattern hand-wheel operated stop 
valve of Hunt & Mitton has a special 
heat transfer gland suitable for use with 
refrigerant liquors and vapours. The 
gland which maintains normal tempera- 
ture by obtaining heat from the atmos- 
phere obtains very tight shut-off. Valves 
in sizes in. up to 3 in. can be supplied 

Tick No 222 on reply card 


@ Bellows joints. Vokes Genficex bellows 
expansion joints have been designed to 
cope with temperature changes in pipe 
systems. They can be made either in 
18/8 cold rolled stainless steel; from 
Nimonic 75 for temperature applications 
over 750°C; and from monel, inconel 
and titanium where unusually corrosive 
conditions occur. 

Tick No 223 on reply card 


@ Electric motors. Totally-enclosed, fan- 
cooled, squirrel-cage motors introduced 
by GEC have a range of up to 7} h.p. at 
1500 rev/min and 5h.p, at 1000 rev/min 

Tick No 224 on reply card 
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How Vacuum 
Annealing Furnaces 
Help Provide 
Better Quality and 
Cost Control to 
M & C Nuclear 
Fuel Elements 




















After two or three rolling passes, fuel elements ' 
start to work harden. The required vacuum anneal- 6 
ing is no great trick. The important thing is to 
have vacuum annealing capacity available when 
you want it — to minimize “‘stand-by”’ time or the 
need to sub-contract the work. 


Our five vacuum annealing furnaces, two verti- 
cal and three horizontal, provide always available 
vacuum annealing capacity — of the type required. 
They range in size up to 30 inches in diameter, 
operating up to 1750°F with vacuums as low as 
(0.050 microns. All furnaces use automatic cycling 
and recording equipment. 


These vacuum annealing furnaces enable us to 
do the required annealing without lost time and 
under our own cost and quality control supervision. 


Yes, we would be glad to do vacuum annealing 
for you, but the important point is that this unique 
capability is another reason for the quality built 
into M & C Nuclear’s fuel elements. It may well 
pay you to discuss our special processing and equip- 
ment capabilities at an early stage in your project 








planning. 
— © TEXAS INSTRUMENTS 
INCORPORATED 
No. 2 Vacuum Annealing MES NUCLEAR,INC. 


® (A SUBSIDIARY) 
P.O. BOX 8986 + ATTLEBORO, MASSACHUSETTS, U.S.A. 






4" 


The World’s Largest Privately Owned Facility Designed Specifically for Fabrication-Development 
and Production of Fuel Elements, Core Components and Complete Cores. 
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People 


by John Radford 


Formerly in charge of the Health Phys ‘cs 
Division at Harwell, Mr. Bruce Smith has 
now been appointed as head of the Iso- 
tope Research Division of AERE, Harwell. 
The laboratories of this division, I re- 
call, are situated mainly at the Wantage 
Research Laboratory in Berks. Mr. 
Smith’s successor is to be Mr. Norman 
Stewart, at present at the AEA’s Dounreay 
Experimental Reactor Establishment 
where he heads the Health and Safety 
Division. 


Two executives of Humphreys & Glasgow 
Limited, who have been with the firm 
for 14 and 15 years respectively—Mr. R. 
Langford and Mr. I. H. Phillips—have 
been elected to the company’s board. I 
notice that both are young—Mr. Lang- 
ford is 40 and Mr. Phillips 35—and that 
both have been associate directors since 
1957. The company has also announced 
the election of Mr. G. Adams and Mr. 
R. J. Withers as associate directors. 


Recent appointments made by the Central 
Electricity Generating Board include 
that of Dr. P. R. Howard as head of the 
High Voltage Laboratories at the Cen- 
tral Electricity Research Laboratories, 
Leatherhead. He will be assisted by Mr. 
D. F. Oakshott who has been appointed 
deputy head. 


Dr. Alvin M. Weinberg, director of Oak 
Ridge National Laboratory since 1955 


110 


Seen with the 
miniature _transis- 
torized transmitter 
which he used to 
unveil a plaque to 
mark the opening 
of the AE! (Wool- 
wich) research 
laboratory at Harlow 
is Lord Chandos, 
chairman of the 
group. The labora- 
tory carries out re- 
search for the AEl 
product divisions 
and for other sub- 
sidiaries. It is 
headed by Dr. M.E. 
Haine who formerly 
led the Electron 
Physics Section of 
AEl Aldermaston 
Research Laboratory 


and Dr. Walter H. Zinn, Canadian-bora 
vice-president of Combustion Engineer- 
ing Incorporated, are the 1960 recipi- 
ents of awards made by Atoms for Peace 
Awards Incorporated. The awards were 
created by the Ford Motor Company 
Fund in response to a statement by 
President Eisenhower at Geneva in 1955. 


I see that Mr. H. E. R. Shand has been 
appointed to the board of directors of 
Mullard Limited in succession to Mr. 
A. W. Welton who retired this year. 
Only 42 years old, Mr. Shand is a char- 
tered accountant and before joining 
Mullard’s was controller to the David 
Brown Corporation Limited and before 
that chief accountant to Metal Indus- 
tries Limited. 

Mr. Welton has served the Mullard 
group of companies for the long pericd 





H. E.R. SHAND 
new director 


A.W.WELTON 
long service 

of 37 years and will still continue active 

with the group for he retains his direc- 

torship of Mullard Overseas Limited and 


will act in an advisory capacity tthe 
board of Mullard Limited. 


Mr. J. Wotton, a Lloyds app ved 
inspector and recognized authori: on 
the radiography of concrete, has j ined 
Inspection Services Limited of S ton, 
Surrey as head of a department di ling 
in his subject and also with X-ray and 
gamma ray services. 


Dr. Gerald B. Cooke, who has bee: des- 
cribed as a man ‘ with a very wide k :ow- 
ledge of radiochemistry, perhaps the 
widest in England,’ is to be chief c1em- 
ist of the International Atomic Energy 
Agency. Over him will be the person 
who thinks so highly of his capabilities, 
Dr. Henry Seligman, deputy Director 
General in charge of Research. Both are 
former Harwell men; Dr. Cook irom 
1954 was head of the Chemistry Group 
of the Isotope Research Division which 
was under the direction of Dr. Seligman. 





G.B. COOKE 
IAEA chemist 


H. J. BHABHA 
Time and motion 


Time seemed all-important when I 
chatted to Dr. Homi Jehangir Bhabha at 
the Savoy before he set out on his fort- 
night’s tour of the Soviet Union — his 
first for five years. This dark-haired, 
bright-eyed Indian physicist in his early 
fifties set a time limit to our conversa- 
tion; understandably so as it was soon 
after breakfast and he was leaving that 
morning on another of the tours which 
have made him one of the more widely 
travelled scientists in his field. His trip 
to the USSR follows a recent one to the 
USA and this one to England—a social 
trip’ he explained. After his return, he 
will first catch up on his work as chair- 
man of the Indian Atomic Energy Com- 
mission and Director and Professor of 
Theoretical Physics at the Tata Institute 
of Fundamental Research, Bombay, 
before setting out for London again. 
This time he will take part as a Fellow 
of the Royal Society in the July ter- 
centenary celebrations. In what is un- 
doubtedly a rapid and brilliant career, 
Dr. Bhabha, whose mother belonged to 
the Tata family, one of the most promin- 
ent Parsee families in India, is perhaps 
better remembered by the public for 
his work as President of the International 
Conference on the Peaceful Uses of 
Atomic Energy in Geneva in 1955. 
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150 MW Progress by this Group, designers and builders of the world’s first 
500 MW atomic power station, is being made not only at Hinkley Point 
but also to meet export requirements. For stations of similar type for 
250 MW construction overséas, detailed design studies have been completed 
for outputs of 150 MW and 250 MW. 


ENGLISH BABCOCK TAYLOR 


ELECTRIC ( & WILCOX Wy WOODROW 





THE ENGLISH ELECTRIC COMPANY LIMITED BABCOCK & WILCOX LIMITED TAYLOR WOODROW CONSTRUCTION LIMITED 
Marconi House, Strand, London, W.C.2 Babcock House, Euston Road, London, N.W.1 London 
GA. 9 
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| Diary 








15-29 JUNE 
Seventh International Nuclear Congress 
and Exhibition on Electronics and Atomic 
Energy National Committee for Nuclear 
Research at Rome, Italy 

16-26 JUNE 
British Scientific Instruments Exhibition 
Moscow. Organizers: Scientific Instrument 
Manufacturers’ Association 

21-30 JUNE 
Third International Exhibition of Applied 
Chemistry, Belgrade, Yugoslavia. Details, 
Exposition de IIndustrie Chimique, Bule- 
vat Voivode, Misica 14, Borte Postale 
408, Belgrade 

22-25 JUNE 
Annual Meeting of the Society of Nuclear 
Medicine, Estes Park, Colorado: Society 
ot Nuclear Medicine, 750 N. Michigan 
Ave., Chicago 11 

23 JUNE 
Symposium on Analytical Chemistry of 
Beryllium, UKAEA Industrial Group at 
Blackpool 

27 JUNE-1 JULY 
Gordon Research Conference on Nuclear 
Chemistry, New London, New Hamp- 
shire, USA. American Association for the 
Advancement of Science. 

27 JUNE-6 JULY 
First International Congress on Automatic 
Control Moscow. Details of papers from 
Institution of Electrical Engineers. 

28 JUNE-1 JULY 
63rd_Annual Meeting, American Society 
for Testing Materials, Atlantic City, New 
Jersey, USA. ASTM, 1916 Race Street, 
Philadelphia 3, USA 

4-8 JULY 
Symposium on Polarization Phenomena of 
Nucleons, Basle, Switzerland. Physikali- 
sches Instut der Universitat Basel, Klingel- 
bergstr. 82, Basle 


Gordon Research Conference on Chemis- 


try and Physics of Isotopes, New Hamp- 
ton, New Hampshire, USA. Enquiries, Dr. 
W. G. Parks, Dept. of Chemistry, Univer- 
sity of Rhode Island, USA 

5-9 JULY 
Fourth International Goitre Conference 
Application of Radioisotopes at Thyroid 
Club, London. Applications to S. Taylor, 
The Royal College of Surgeons, Lincoln’s 
Inn Fields, London, WC2 

18-22 JULY 
Gordon Research Conference on Radia- 
tion Chemistry, New Hampton, New 
Hampshire, USA. Enquiries, W. G. Parks, 
Dept. of Chemistry, University of Rhode 
Island, USA 

18-23 JULY ' ; 
Third Inter-American Symposium of 
Peaceful Applications of Nuclear Energy 
(Industrial Applications), Rio de Janiero, 
Brazil. Enquiries, J. Perkinson, SJr., 
Inter-American Nuclear Energy Commis- 
sion, c/o PAU, Washington 6, USA 

21-27 JULY 
Third International Conference and_Ex- 
hibition on Medical Electronics. Held 
jointly by the International Federation for 
Medical Electronics and The Institution of 
Electrical Engineers at the Empire Hall, 
Olympia, London 

25-29 JULY 
13th International Congress on Occupa- 
tional Health, New York. Enquiries, Dr. 
R. E. Eckardt, P.O. Box 45, London, N.J., 
USA 

25 JULY-6 AUGUST : 
12th General Assembly, International 
Union of Geodesy and Geophysics, Hel- 
sinki, Finland. 

31 suLY—5 AUGUST 
Third International Photobiological Con- 
gress, Copenhagen, Denmark. Enquiries, 
Dr. A. Hollaender, Oak Ridge National 
Laboratory, Tennessee, USA 





Further Ahead 


3-6 AUGUST 
Second International Symposium _on Rare- 
fied Gas Dynamics, University of California, 
Berkeley, California, USA 





15-18 AUGUST 
Third Australian Conference on Rad ion 
Biology, Sydazy, Australia. Enquiries Dr. 
Peter Ilbery, Dept. of Preventive edi- 
cine, University of Sydney 

15-25 AUGUST 
24th International Geological Con. ess, 
Copenhagen, Denmark, Enquiries Thc dor 
Sorgenfre:, c/o Mineralogisk Mu: um, 
Oster Vouldgade 7, Copenhagen K 

25 AUGUS1—3 SEPTEMBER 
Tenth International Conference on {igh 
Energy Nuclear Physics, Interna‘. »nal 
Union of Pure and Applied Physics and 
Commission on High Energy Physi. at 
Rochester, New York, USA 

29 AUGUST—2 SEPTEMBER 
International Conference on Semicond ctor 
Physics, Prague, Czechoslovakia. Enq: ‘ries 
Dr. Milos Matyas, Institute of Tec no- 
logical Physics, Cukrovarnicka 10, Pray ie 5 

5-9 SEPTEMBER 
IAEA Conference on medium and small 
power reactors, Vienna 

13-16 SEPTEMBER 
Fifth International Instruments and \{ea- 
surements Conference, Stockholm. Details 
from: H. von Koch, Royal Institute of 
Technology, Stockholm 70. 

21-23 SEPTEMBER 
High Temperature Resistance and Thermal 
Degradation of Polymers Three-day sym- 
posium a A Society of Chemical Industry 
at the illiam Beveridge Hall, Senate 
a, University of London, London, 

1 


Power Conference, American Society of 
Mechanical Engineers and American Insti- 
tute of Electrical Engineers at Philadelphia, 
Pennsylvania, USA 

21 SEPTEMBER—1 OCTOBER 
International Factory Equipment Exhibi- 
tion at Belle Vue, Manchester 

4-12 OCTOBER 
Second Electronic Computer Exhibition 
Olympia, London. Details from Electronic 
Engineering ' ce, 17 Fleet Street, 
London, EC 

8-10 NOVEMBER 
Conference on Non-Destructive Testing 
in Electrical Engineering Details from 
Institution of Electrical Engineers 





INDUSTRIAL 
LITERATURE 


Progress in shipping. The annual report for 
1959 by Lloyd's Register of Shipping reviews 
progress in nuclear propulsion and engineer- 
ing research and comments on the develop- 
ments in the maritime countries throughout 
the world. 

Tick No 241 on reply card 
Flow control. Drallim have released specifi- 
cations on their valves and accessories suit- 
able for flow and pressure control of gases 
and liquids. 

Tick No 242 on reply card 


Oxy-acetylene welding. The new edition of 
Sifbronze Specifications List details 34 dif- 
ferent rods and 18 types of flux. 

Tick No 243 on reply card 


Power transmission. A booklet issued by the 
CEGB entitled * Pattern of power’ gives 
background information on the UK _ grid 
and supergrid systems set against the pro- 
blem of meeting varying and increasing de- 
mands for power. 

Tick No 244 on reply card 


Colloidal graphite, Graphite Products latest 
pamphlet GPS59/60 outlines the properties 
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and advantages of ‘ Foliac’’ colloidal graph- 
ite, particularly for drop forge die lubrica- 
tion. 

Tick No 245 on reply card 
Magnetic amplifiers. The April issue of ‘de 
Havilland Gazette ’ discusses the company’s 
developments in magnetic amplifiers. An- 
other article covers surface protection of 
aluminium alloy. 

Tick No 246 on reply card 
Nuclear materials. The 1960 edition of the 
* Editors’ fact book ’ issued by Union Car- 
bide describes briefly the various products, 
names the individuals who can best assist 
in giving information, and lists all affiliated 
companies and distributors. 

Tick No 247 on reply card 
Speed controls, Two new sizes of Lyons’ 
*Variac’ d.c. motor speed controls cover 
4 h.p. and 1 h.p. requirements and are avail- 
able as self-contained units or in * split’ 
versions, with single or dual control. 

Tick No 248 on reply card 
Dust filter, Blackman’s Publication 51 des- 
cribes a new automatic self-cleaning filter 
that handles dust particles of virtually all 
sizes and at temperatures as high as 350°C. 

Tick No 249 on reply card 
Spot welding. A descriptive leaflet is avail- 
able from DJ Equipment on a new range 
of special lightweight portable spot welders. 
The smallest unit which weighs 14 Ib will 
weld up to 16 s.w.g. steel sheets. 

Tick No 250 on reply card 
Structural steel. The first number of the new 
journal of the British Constructional Steel- 


work Association includes an article on the 
use of structural steel in the nuclear power 
industry. 

Tick No 251 on reply card 
Non-destructive testing, The current ‘ Solus 
Schall News ’ includes a lengthy treatment of 
the characteristics of the ultrasonic radia- 
tion field, with special reference to immer- 
sion testing. 

Tick No 252 on reply card 
Silicon diodes. The International Rectifier 
Co., whose factory in Surrey was opened 
this month, are producing a wide range of 
silicon diodes. In their latest short form 
catalogue they give the properties of diodes 
ranging from 250 mA to 250 amps, 1 W 3-5 
and 10W zener types, controlled diodes, 
variable voltage capacitors, etc. 

Tick No 253 on reply card 
Computer storage. The latest * Sperry Re- 
view’ includes a technical description of 
a range of magnetic storage drums that have 
been designed to meet the requirements olf 
the latest digital computers. ; 

Tick No 254 on reply card 
Electronic instruments. Wayne Kerr's elec- 
tronic instruments, covering bridges, signal 
generators, distance measurement and micro- 
wave applications, are described in a re- 
cently issued catalogue. 

Tick No 255 on reply card 
Temperature measurement. Gordon's leaflet 
182 embraces temperature measuring instru- 
ments suitable for power plant, industrial 
boilers and heating and ventilating installa- 
tions. 

Tick No 256 on reply card 
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Specially constructed 
tankers of 9 or 10 ton 
capacity already make express 
deliveries of liquid carbon 
dioxide to-the U.K.A.E.A. 
power stations at Calder Hall 
and Chapel Cross. 


1960 Tick No 


1.C.1. is supplying two complete 
liquid carbon dioxide storage 
tanks, each of 12:-ton capacity, 
for the U.K.A.E.A.’s Advanced 
Gas-cooled Reactor at Windscale. 


1.C.1. liquid carbon dioxide meets in full the exacting 
requirements of the atomic energy industry, and it is 
available whenever and wherever it is wanted. For over 
a quarter of a century, pure liquid carbon dioxide has 
been produced by Imperial Chemical Industries Ltd. 

in a continuously running plant. The production 
capacity has guaranteed — and will continue to 
guarantee — regular and adequate supplies of 

liquid carbon dioxide in bulk. 


For development projects and experimental 
work, the ‘Drikold’ Liquefier is available — 
inexpensive, simple and quick to operate. 


59 on reply card for further details 





Book Reviews | 





Fuel element fabrication 


Nuclear Fuel Elements edited by Henry 
H. Hausner and James F. Schumar 1960 
Rheinhold, New York; Chapman & Hall, 
London 409 pp Price 100s 

This is the first book to deal exclusively 
with nuclear fuel elements and contains 
the papers presented at the First Inter- 
national Symposium on Nuclear Fuel 
Elements held at Columbia University 
in January 1959. 

For those engaged in using or produc- 
ing fuel elements, it is probably the most 
comprehensive international survey avail- 
able, and it contains a bibliography to a 
large number of published papers. An 
early chapter on costs firmly establishes 
in one’s mind the need for simple design 
using cheaper materials and larger burn- 
up cycles, with particular emphasis on 
more standardization of fuel elements, 
before atomic power can be made eco- 
nomic. Cost comparisons relating to 
fuel are illustrated for various reactor 
systems. Descriptions, manufacturing and 
test data are given for fuel elements 
used in gas cooled, heavy water moder- 
ated, advanced gas cooled, boiling water, 
fast breeder, and package reactors. Infor- 
mation is provided on the production 
of natural and enriched uranium as cast, 
extruded or rolled in the form of rod, 
tube or plate; and on plutonium and 
thorium fuels including uranium, 
aluminium and uranium/molybdenum 
alloys. Cladding details for metallic fuels 
cover magnox, aluminium and zircaloy, 
with gas, liquid and metallic bonding. 
The * picture frame’ technique used in 
the fabricating of Materials Testing 
Reactor type fuel element plates is also 
described. 

Later chapters cover the manufacture 
of uranium and plutonium oxide fuel, 
canned in beryllium, stainless steel and 
zirconium, using glove boxes and remote 
control for safe operation. The problem 
of small fuel-to-can clearances, ratchet- 
ting, fission gas release, corrosion, and 
irradiation are all discussed and the use 
of burnable poisons mentioned. For those 
dealing with the more advanced types 
of high temperature reactor, of interest 
are the details given of uranium and 
plutonium carbides and cermets, canned 
in graphite and other ceramic materials 
and the use of special elements of this 
type, used as ‘spikes’ to improve reac- 
tor performance, is explained. A variety 
of welding methods, ranging from Heli- 
arc to electron bombardment which make 
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possible the assembly and sealing of fuel 
elements to withstand out-of-pile testing 
and reactor conditions, is also presented. 
Finally, a typical fuel element specifi- 
cation completes an important and 
instructive book. 

F. Butler 


Computer circuitry 


Electronic Computers: principles and appli- 
cations, by T. E. Ivall 2nd edition 1960 
lliffe, London viii + 263 pp Price 25s 
This is a much revised version of an 
earlier compilation published in 1956 
dealing with electronic digital and ana- 
logue computers. There is no question that 
the new edition has gained a great deal 
in coherence and coverage, and it can 
certainly be recommended to anyone 
with some background knowledge of 
electronic circuitry desiring a general, 
not too detailed, introduction to com- 
puters. 

The basic circuit principles involved 
in both analogue and digital computers 
are succinctly described, followed by 
various applications of each type of 
machine. In addition to one on analogue 
circuitry, this edition has new chapters 
on digital computer programming and 
on recent developments; the latter being 
as up-to-date as one could hope for in 
this rapidly changing field. It discusses 
briefly such matters as transistors, solid 
circuitry, cryotrons, magnetic-cell storage, 
magnetic films, parametrons, character 
recognition and xerography. The excel- 
lent collection of plates (32 pages) makes 
this one of the best illustrated books on 
computers yet produced. 

The reviewer did not notice many 
errors of substance in the presentation, 
although on p. 32 it is implied that 
binary coding of decimal digits can be 
effected with three binary digits per deci- 
mal. One could wish that in the opening 
chapter rather more space were given 
to the developments in computer design 
in this country, particularly in the uni- 
versities. However these are minor points 
and the book can be well recommended. 

R. A, Buckingham 


Health physics 


Progress in Nuclear Energy Series Xl, 
Volume |. ‘Health Physics’ edited by 
W. G. Marley and K. Z. Morgan 1959: 
Pergamon Press, London 602 pp Price 
£5 5s 

Health physics has, up to now, tended to 
be a poor relation in the field of nuclear 
energy, possibly since it concerns safety. 





It is, however, a very important branc 
and one which, except in papers on spec 
alized aspects, is relatively badly serve 
in literature, One reason is that the sul 
ject embraces so many different fiel< 
and the writing of a text book would t 
a formidable task. It would, howeve 
have been worthwhile making the fir 
volume on health physics in the Progr« 
in Nuclear Energy series, a review 
modern ideas in the major branches 
the subject; this would have been < 
great value to those who have to appl 
health physics in the smaller units suc 
as research laboratories in industry an 
the universities, for whom nothing in th 
way of a coherent approach yet exists. 
The present volume pursues rather 
different course, dealing with the broade 
aspects of health physics, under six head 
ings: Permissible Levels of Exposure 
Operational Experience of Radiation Pro 
tection; Radiation Measurement and 
Dosimetry; Radioactive Measurement 
in Human Beings; Meteorological 
Aspects and the Evaluation of Reactor 
Accident Hazards; and Environmental 
Hazards and Disposal of Radioactive 
Wastes. Under these headings are 
arranged 47 papers selected from about 
200 given at the International Conference 
on the Peaceful Uses of Atomic Energy. 
held at Geneva in 1958. Whilst it is un- 
fortunate that no information is pre- 
sented which is not available elsewhere 
in virtually identical form, the book will 
be of value to those workers who do not 
have ready access to the Proceedings 
of the 1958 Geneva Conference, The 
papers are logically grouped and the 
editors have been careful to avoid over- 
lap, both within the volume and in the 
complementary volumes dealing with 
Biology and Medicine. 
H. D. Evans 


New Books 





@ Nuclear reactor stability by A. Hitchcock 
London 1960: Temple Press 61 pp, index 
Price 12s. 6d. 


@ Training in radiological health and safet) 
Committee report to the UKAEA London 
1960: HM Stationery Office 95 pp Price 
Ss. 6d. 


@ Kernphysikalische Messmethoden by W. 
Braunbek Munich 1960: Verlag Karl 
Thiemig 104 pp Price DM 5-80 


@ Approaches to thermonuclear power by 
R. F. Saxe London 1960: Temple Press 
65 pp, index Price 12s. 6d. 


@ Surveying and evaluating  radioactiv: 
deposits Vienna 1959: International Atomic 
Energy Agency (Review series no. 1) 50 pp 


Price 6s. Od. 


@ Plasma dynamics edited by F. H. Clanser 
Symposium sponsored by the USAF Office 
of Scientific Research. London 1960 
Pergamon Press 369 pp, index Price 
84s. Od. 
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Voltage straight and level... 


WITH TEXAS 185000 SILICON ZENER REGULATORS 


NT STABILISERS 





The Texas 1S5000 series of Silicon Zener Regulators have many = AWA 








= 
advantages over gas-filled tubes in shunt stabiliser circuits. In il 
particular Silicon Zener Regulators do not need a striking voltage BwrUT . OuTPUT 
greater than their running voltage, they are available in a wide range 
° oO 


of voltage and the Texas 1S5000 series can dissipate up to 8 watts. 








PROTECTION AGAINST TRANSIENT VOLTA ES 

The ability of the 1S5000 series of Zener Diodes to handle high power 
PP 

surges makes them particularly suitable for the protection of tran- VOLTAGE 

sistors against short duration voltage surges. Maximum current 


permitted is much greater than the steady current rating since the 





duration of the current through the diode is short. 











THING ELEMENTS 


: ' - ° b 
The Texas 1rSs000 series Zener Diodes can be used as filter com INPUT oureuT 


ponents to give an output with low ripple content. The advantages S . 





of dispensing with bulky chokes and capacitors can be significant. ° —o 


8 WATTS ~- 15 to 150 VOLTS 


® 5% or 10% tolerances © conventional or reverse polarity or double anode clipper 
® Designed to meet the most stringent requirements ® —65°C to + 150°C operation 
JOINT SERVIGE TYPES. Many Texas transistors meet CV specifications. If you have a requirement for 
British Inter-Service types please write for full information. 














TEXAS <—\ INSTRUMENTS 


LiMtiwtTteEe oD 
DALLAS ROAD BEDFORD ENGLAND 
BEDFORD 6805! CABLES: TEXINLIM - BEDFORD 
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It is recognised that technical excellence 
in a traction motor rests primarily on a 
high grade cast steel stator frame. Lake 
& Elliot supply high permeability steel 
castings, to B.S.1617, for stator frames 
and other castings used in the manufacture 
of electric Motors. 


Our machine shop is fully equipped to finish a 
machine castings to customers drawings to the Highest Quality Castings 


fine limits demanded in modern plant design. 


LAKE & ELLIOT, LTD 


\Vallr iae wr» Duratrak ™ 


Regd. Trademark 


CAAA A A TQ 


THE MOST USEFUL DEVICE KNOWN FOR THE CONTROL OF AC VOLTAGE 


VARIAG is the original continuously-adjustable 
auto-transformer, providing a smoothly vari- 
able output from zero to line voltage and 
above. 

VARIAGS are available in a very wide range of 
models from small units for laboratory and 
instrument use to large ganged assemblies for 
three-phase power. 

VARIAGS are available open or covered, as 
single units or ganged assemblies, for manual 
Operation or motor-driven. 


The range includes 
portable, metalclad and 
oil-immersed models. 
dual-output types, high- 
frequency types and 
many ‘specials’. 

Write for complete 
information. 













* Duratrak ? Duratrak (Regd. Trademark) 


a patented* feature exclusive to Variac—is a 
special plated contact surface giving longer life, 
increased overload and surge capacity and maxi- 
mum economy in maintenance. Duratrak is now 
standard on all models except Series 50 

*U.K. Pat. No. 693406 


onty VARIAC nas DURATRAK 


na 
~~ 
This 3-gang assembly, Type 50-BMG3, 77 ay 
will control 22-S5k VA, 3-phase or 
single-phase according to connection, a u g 0 ns t 
Larger assemblies can be made. : bd 


VALLEY WORKS : HODDESDON - HERTS -: TELEPHONE: HODDESDON 4541 (6 LINES) 
RegistereJ office: 76 Old Heil Street, Liverpool 3. es 


This small Variac, 
Type V-SHMTF, provides 
an output of 0-270 V,2 A, 
from 240 V SO c/s mains. 
A still smaller model 

Type V-3H is rated at! A 
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WINDSCALE 


Four heat exchangers and gas ducting. 


Carousel for storing, cooling and 
transporting the irradiated fuel 
elements after discharge from 
the reactor. 


Equipment for handling new fuel into 
containment building. 


Mortuary tubes and cooling system 





for storage of irradiated fuel 


elements. Sections C & D of a heat exchanger being lifted 
over the containment vessel. 


Highly skilled engineers at Derby in welding and manufacturing techniques are 


collaboration with the U.K.A.E.A. staff, were employed, backed by extensive design, research 
responsible for the design, development and and testing facilities, to ensure that the 
manufacture of equipment to meet these rigorous standards demanded for the safety 
contracts for International Combustion of plant and personnel in nuclear work are 


(Nuclear Applications) Limited. The latest maintained. 





i NATIONAL COMBUSTION LIMITED 


Member of Atomic Power Constructions Limited, one of the British Nuclear Energy Groups 


NINETEEN WOBURN PLACE LONDON WCr1 ° WORKS: DERBY 


TGAG i40 
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FURTHER EXAMPLES OF 
BURNDEPT INSTRUMENTATION 


FAST NEUTRON MONITOR Type 1407c. 


A portable self-contained monitor for the measurement of neutron radiation. The design is based on the 
U.K.A.E.A. recommendation for measuring the biological hazard due to neutrons in the energy range 0.15 
to 15 MeV. Battery operated. Detector: Proton Recoil proportional chamber. 


BURNDEPT BN.110 (AERE Cat. No. 3-7/15544) 
General Purpose Ratemeter Mk. Il. Associated Probes: Alpha—BN.I11. Beta/Gamma—BN.108 


Brief Specification: Designed primarily for 
measuring the radiation from contamina- 
ted surfaces. 

Two probes are used for the detection of 
radiation. A Large Area Alpha Probe 
BN. II! operating on the scintillation 
counter principle. 

A Beta/Gamma Probe BN. 108 using a thin 
walled Geiger tube. Ranges of 0-5, 0-50, 
0-500 and 0-5000 counts/sec. 


BURNDEPT BN.120 


Universal Scintillation Counter 


A truly adaptable instrument which allows for 
several types of Collimators, different grades and 
types of Crystals, thus making it a multi-purpose 
Scintillation Counter. 

A Cathode Follower and Head Amplifier (BN. 
106) are available, designed to be truly com- 
patible, comprising: 


Lead Skirt BN 125, Wide Angle Collimator BN 122, Narrow Angle Collimator Attachment BN 1/24, Slotted 
Collimator BN/ 26, Adjustable Clamp BN/ 21, Adjustable Clamp BN/ 23, Cathode Follower Unit BN! 27, Connectors 





Enquiries to: CONTRACT SALES DEPT 


BURNDEPT LIMITED 


Developed by 
Burndept Ltd 







































for the BURNDEPT 
U.K.A.E.A. ema ERITH, KENT. Telephone: ERITH 33080 
D is) 
ULAR 
RAILING A 
- ) 
A NEW SYSTEM FOR 
EASY AND ECONOMICAL 
ERECTION OF I” BORE 
TUBULAR HANDRAIL 
INCORPORATING 
LIONGRIP P 
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For controlled 
pipe movement . . 


GON-IEN 


REG. TRADE MARK 





e/ 


CONSTANT TENSION 
PIPE SUPPORTS 


} 


— 





The Con-Ten system has not only been tested, 
but proved in industries and power stations all 
over the world. No matter what the load or the 
pipe movement, or the problems met, there 


is a Con-Ten to provide the most adequate and 


PEE GEE ETE PLLA DE gepebepeqepnbgetpopetepotetidetotetet | pean 


permanent support available. Loads from 100 Ibs. 


to 14 tons and pipe movements up to 18” can 


Gee \ittiiii@te 


be controlled by constant tension supports 


in the Con-Ten range. 


CUCU UUOUUGUOUGL 


as 


Contact us now for full information. 


British Patent Nos. 474008, 720074, 720075, 697987, 816976, 
U.S.A, Patent No. 2129320. 


BRITISH INDUSTRIAL 


ENGINEERING COMPANY (STAFFS) LIMITED 
CORONATION WORKS, HAINGE ROAD, TIVIDALE, TIPTON, STAFFS. Telephone: TIPTON 1222/3/4 


AAAAAAAL 
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BOLT 
& STUD STEELS 


FOR USE AT ELEVATED TEMPERATURES 





ALLOY STEELMAKERS + FORGEMASTERS 


JOHN BROWN 


Firth Brown CRM2 steel is 
typical of the three steels 
offered for Bolts and Studs 
which have to operate at 
elevated temperatures for 
long periods. CRM2 is designed 
to meet a certain level of 
creep-resistance together with 
ability to develop a high 
tensile strength and a good 
resistance to embrittlement 
during service. Full particulars 
of the Firth Brown steels in 
this range are in Publication 
No. 226 which is available at 
once upon request. 


Electrically operated Parallel 
Slide Valve, showing bypasses 
and equalizing pipe connections 
for elevated pressure and 
temperature service, with stud 
bolts made in CRM2 steel. 


Photograph by courtesy of 
Messrs. Hopkinsons Ltd., Huddersfield. 


a 1 
| | 
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STEEL FOUNDERS + HEAVY ENGINEERS 


LIMITED ° SHEFFIELD ° ENGLAND 
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NUCLEAR POWER 


July 


1960 


P.O. Box No. |. 


The ancient Egyptians took nearly a 
century to build the pyramids. Nowa- 
days the framework of a building soars 
into the blue almost in the time it takes 
to say “‘prefabrication.” 

Speed is the essence of modern 
building and that means prefabricated 
steel that can be erected quickly on 
the spot. 

Skinningrove specialises in speedy 
deliveries of fabricated steelwork in all 
shapes and sizes. Personal attention is 
given to every order which passes 
through the works. From the time the 
order reaches the office until it is 
delivered to the site everything is 
done to see that the work proceeds 
quickly. 

For fabricated steel it's Skinningrove 
for speed and service. 

Send for a copy of the new 
Skinningrove Section and Underground 
Roof Support booklets which give 
details of sizes rolled and services etc. 


SKINNINGROVE IRON CO. LTD. 


SALTBURN, YORKSHIRE. 


Telephone: Loftus 212. 
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New 
Selector 





simplifies 
miulti-stage 
»i-directional 


counting 


Multi-tube bi-directional counting has always been an involved and 
expensive procedure requiring the use of many components and careful 
circuit design. The need for this facility has become increasingly apparent 
with current developments in electronic weighing, machine tool control, 


shaft position indicating, computing and similar techniques. PROVISIONAL DATA 
In these and allied fields the answer to multi-stage, bi-directional counting 
is the GS.10.G—the latest addition to the well-known Dekatron range. Max. Counting Rate ... ... ... ... «.. 10 kp/s 
Incorporating ‘routing guides’’ to provide glow-direction sensing, inter- Max. Anode Current ... ... ... ... ... 900 uA 
decade coupling becomes simple and requires no gating. Sees 
: 68K () cathodeload... ... ... ... ...35v 
Readout can be made directly from glow position as in other Dekatrons Seabees thine Resiteds... ned 


but for ideal remote presentation we recommend one of the Digitron Double Pulse Drive — Duration ... ... 30ys 
register tube series. 

Increased ruggedness, even greater reliability and smaller size are 
additional design features which will appeal to the ‘‘electronics’’ designer. 


Enquiries should be addressed to:- 
TECHNICAL SERVICES DEPT. 


SA @s@)\§ TUBE DIVISION 


ERICSSON TELEPHONES LIMITED 
ER4 Head Office: 22 LINCOLNS INN FIEL DS, LONDON, W.C.2. Tel: Holborn 6936 
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CAST IRON B, : N 
PIPES wo PENDS 
Currently with our daily production of large numbers of spun pipes of 
all conventional sizes, our foundries are engaged on many special types 
of pipe castings—straights, bends, tees, etc. This is a recent 84” bend 
for a dry dock scheme. As well as for standard pipes, we are always 


pleased to help and advise you on such ‘ specials’ for water distribution, 
cooling and drainage in power stations and industry. 


CLAY GROSS (IRON & FOUNDRIES) LTD., CLAY CROSS, DERBYSHIRE 
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Man with an idea worth a packet 


Like all ideas — John Smith’s want bringing out and de- 
veloping, of course. That is why we urge that production 
men, too, are provided with their own copies of this 
magazine. 

Nuclear Power is, after all, a technical journal for practical 
men. And there is nothing more stimulating to practical men 


than to read of the work of others described in practical terms. 


Nuclear Power costs only 42/- a year and extra copies do away with 


the delays and ‘ distinctions ’ inevitable with circulation lists. 
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STAINLESS 
STEEL 





SHEETS - BARS - PLATES 


STRIPS & BLANKS 


PROFILE CUTTING & 
SHEET POLISHING 


cD 


LIMITED 


PROFILE CUTTING 
TO ANY SHAPE 


SCAPA HOUSE - PARK ROYAL RD. 
LONDON N.W.10 


Tel: Elgar 5811 Telex 25239 
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(6) UNIVERSAL BALL JOINTS 
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THE 


ELE()NTS 


of efficient angular drives 


@ A.R.B. approved 





@ 92-98% efficient—N.P.L. certified 


@ Used by leading engineering companies 
in every industry 


@ For shaft diameters }” to 13” 


@ Dirt-excluding covers can be supplied 






A.M, Gauge-Test 
House Authority 
No. 89755/3! 


Sturdy, reliable, compact couplings of 
simple design, manufactured from high-grade 
materials, and available with single or double 


joints in nine standard sizes. 


MOLLART ENGINEERING COMPANY LIMITED 
KINGSTON-BY-PASS - SURBITON - SURREY 
| Telephone : Elmbridge 0033-7 Telegrams : Precision Surbiton 
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WIN 
THE BATTLE 
OF THE BURR 


B. ©. MORRIS LTD. - MORRISFLEX WORKS, BRITON ROAD - COVENTRY 
Telephone : 53333 (PBX) Telegrams : MORISFLEX, COVENTRY 


PRODUCT OF THE Miia GROUP 
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HOLLAN D-S. ie M. 


ROTARY COMPRESSORS AND VACUUM PUMPS 
SUPPLIED FOR: HARWELL, WINFRITH, BERKELEY 


The B. A. Holland Engineering Co. Ltd. 


LINDO LODGE, STANLEY AVENUE, CHESHAM, BUCKS. 


Telephone: Chesham 8406/8 Telegrams: Picturable Chesham Works: SLOUGH, BUCKS 


INDUSTRIES ATOMIQUES 
is the only international technical and indus- 
= trial review printed in French, which specialises 
dustries entirely in nuclear and related subjects. 


INDUSTRIES ATOMIQUES is read by indus- 
trialists, engineers, technicians and chemists, heads of 
technical firms and by all those engaged in the world 


= - Poe slg: 
of science. In short, it is intended expressly for all 
Orrin LI specialists interested in research and in its practical 
realisation. 
In view of its international character, INDUS- 


TRIES ATOMIQUES is read and appreciated in 
countries all over the world. 











Up to date, more than 250 authors, all specialists, have honoured this review with their 
collaboration, and have contributed previously unpublished articles of high scientific value, 


The international review for the peaceful © 2Oundantly illustrated. 
INDUSTRIES ATOMIQUES is a source of precise documentation, constantly being 
uses of nuclear energy brought up to date. The international information and the list of suppliers to the atomic 
A RENE KISTER PUBLICATION industries printed in its pages will be found invaluable. 























Annual Subscription ne re ee ee Cane Ser ee ee ee ee ee eee ae oe ee 
| Industries Atomiques Subscription form 
12 numbers per year | Subscriptions can be paid in the currency of the country at any European post office. 
French new francs. . . . . 41.50 | We desire annual subscriptions, starting from 
; EEE , to be sent to (surname, Christian names, or 
Belgian francs. . . © . . 510g gs name, and ede _ 
Swiss francs. . . . . . . Oe a 
German marks. ..... 40 ) Method of payment Date and signature: 
SPW e se es - (This form should be returned in a stamped and addressed envelope to 
Pounds sterling. . . . . . 3/150, NUCLEAR POWER, 77-79 Charlotte Street, London, W1.) 
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Over a Ton 


of Aluminium Alloy 
spun to 


lO ft. i/d x le 


One of a number produced for 
pressure vessels to hold liquid air, 
this 10 ft. aluminium end was spun 
by Harveys on the Rotarpress. The 
12 ft. flat discs needed for spinning 
these ends, which are believed to 
be the largest spun aluminium 
ends produced in this country, 
were formed by butt-welding two 


plates of aluminium alloy together. 


The Rotarpress is one of the large-capacity units in 
Harveys Heavy Fabrication Department. It produces 
ends up to 1§ ft. diameter and is adaptable over a wide 
range of knuckle radii and depths. 

The contours of semi-ellipsoidal ends produced by the 
spinning process enable plate thickness to be reduced, 
and in most cases tool costs are eliminated. Enquiries 
are invited for ends only or for complete 
FABRICATION OF PRESSURE VESSELS. 


(mm 


HARVEY | 











G. A. HARVEY & CO. (LONDON) LTD. 


Woolwich Road, London, S.E.7. GREenwich 3232 (22 lines) 
Other Harvey facilities: FABRICATIONS UP TO 120 TONS IN ONE 
PIECE - HEAVY MACHINING AND FITTING - HEAT TREATMENT AND 


RADIOGRAPHY * STEEL PLATE AND SHEET METALWORK * PERFORATED 
METALS - WOVEN WIRE - WIREWORK HF/7 
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The ‘Vista’ Mask 


Safety in Comfort 


At Siebe, Gorman & Co., comfort and efficiency go hand in hand: a 
fine example is the ‘Vista’ Mask. 

The ‘Vista’ is a versatile mask that can be used with many types of 
equipment, from Compressed Air-line Apparatus to Gas Respirators. 
It is specially moulded for comfort and clear view—its plastic window 
is so shaped that vision remains undistorted at any angle. The air 
inlet is designed to prevent fogging, by deflecting inspired air over the 
inside of the window; and the mask itself can be tested for air-tightness 
before toxic atmosphere is entered, This is particularly important when 
it is used as a smoke mask—and the fitting we have designed for this 
purpose makes it impossible to wear the mask without both harness and 
lifeline, while the mask is still safe even if the bellows or blower are 
left unattended, Such thorough design is routine at Siebe, Gorman & Co. 

The ‘Vista’ Mask is already in use with several Fire Brigades, and at 
the Atomie Energy Establishment, Harwell. It is approved by Ministry 
o° Labour & National Service under Chemical Works Regulations, and 


the Ministry of Transport for use in ships. Write to us for full details. 


Everything for i 
Safety Everywhere 
Air Compressors AN 
Breathing Apparatus 


Compression & Decompression 
Chambers 


Diving Equipment STEBE, GORMAN & CO. LTD. 








Dust Respirators Neptune Works, Davis Road 
Gas & Fume Respirators Chessington, Surrey 
Protective Clothing relephone: Elmbridge 5900 
Resuscitation Equipment a 
S*fety Helmets, Smoke Manchester Office: 274 Deansgate 
Masks & Helmets relephone: Deansgate 6000 







DONKIN TYPE 30/4. 


VERTICAL 
RECIPROGATING 
COMPRESSORS 


FOR AIR & GASES 


@ Drop forged connecting rods, give improved weight 
strength ratio and reduction in unbalanced forces. 













= 
—._ 


on 


@ Precision manufactured shell bearings ensure full 
interchangeability. 


@ Light alloy frame doors of generous dimension 
give easy access to interior. 


@ Centrifugal oil filter and cooler are integral 
parts of the compressors 


@ Compressors can be supplied in weather-proof AES | 
construction for outdoor installation. wah | 


FOR SINGLE, TWO OR THREE STAGE COMPRESSION 
THE BsdeeSoOn MOO B.SONR COMPANY LIMITED scsconone 2152 (6 tines 


CHESTERFIELD LONDON * TORONTO 
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STAINLESS STEEL FABRICATIONS 
by the specialists 


we 




















Try aa({ = rr | 


Pressure Vessels all classes 

Vessels for storage and transport 
Condensers and Heat-Exchangers 
Pipework and Pipefittings 

Laboratory Equipment and Holloware 


Ducting and other stainless steel sheet 
metal work 


+ + + + HF H FH 


X-ray weld inspection 


A 200 gallon stainless steel 
reaction vessel with coil jacket 
suitable for high pressure steam 








As specialists in the manufacture of stainless steel products for 30 years, we 
have exceptional knowledge of the material. Our staff are skilled in the design of equip- 
ment in this metal and our work people in its manipulation. You can therefore place your 
requirements in no better hands. 


THE TAIOR 
— 
ITTINGS Co. Ltd. 


Head Office: Ring Rd., Lower Wortley, Leeds, 12. Telephone: Leeds 638711 PBX 
London Office: 14 Great Peter Street, London, S.W.1. Telephone: Abbey 1575 
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interested in Pure metals 








chromium |, four purity grades 
available—all over 


99.0°%, pure 














available as beads, 
roundels, electrodes 
and ingots 


niobium 














seven purity grades 
available—all over 
98.0% 


silicon 














available as roun- 
dels, dendrites, elec- 
trodes and many 
wrought shapes 





tantalum | 











powder at 99.5% 
purity grade, mill 
products at higher 
purity 


vanadium 











MANY CHEMICAL 
| COMPOUNDS 
ARE AVAILABLE 


Full information on rarer metals and their 
compounds is available on request 





OF THESE AND OTHER METALS 











aie Alloys Division 


CARBIDE 


TRADE MARK 





UNION CARBIDE LTD 


R4 103 MOUNT 






















FOSTER WHEELER HOUSE, 3, IXWORTH PLACE, LONDON SW3. Telephone: KENsington 6363 





Tick No 83 on reply card for further det: s 


FOSTER | 
‘WHEELER 


DESIGN AND BUILD 










STEAM 
GENERATORS 





SS 


SEPARATELY 
FIRED 
SUPERHEATERS 







AIR & GAS 
HEATERS 


WASTE HEAT 
BOILERS 


WATER a 

COOLING 

TOWERS 

yy SPECIAL TEST 
PLANTS FOR 
NUCLEAR 


The Foster Wheeler RESEARCH 


Organisation has 
engineering offices and 
engineering plants in 
Great Britain, the 
United States of 


America, and Canada. 





FOSTER WHEELER LIMITED 
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HOPKINSONS? 


VALVES 


FOR 
NUGLEAR POWER STATIONS 


Left: Deadweight Relief Valve, 
20 inch bore. 


Specialised valves (some of which are illustrated) needed in nuclear 
power stations are naturally entrusted to Hopkinsons because of 
their vast experience in the manufacture of valves for exacting 
duties. But, additionally, Hopkinsons are supplying large numbers 
of their electrically controlled valves, desuperheating equipment, 
combined stop and isolating valves, automatic exhaust valves, 
steam traps and all types and sizes of stop valves. 








NUCLEAR POWER July 1960 


HOPKINSONS LIMITED - HUDDERSFIELD 


LONDON OFFICE: 34 NORFOLK STREET * STRAND ~ W.C.2 


Above: ‘*Tansphere”’ Valves 
for isolating CO2 gas between 
reactor and steam generating 
plant. Supplied or on order 
for Bradwell, Hinkley Point, 
Latina and_ Trawsfynydd 
(Valves illustrated are 60 inch 
and 36 inch bore). 


Below: Group of 24 inch 
electrically - controlled 
Hopkinson - Ferranti valves 
for a nuclear power Station. 


“ ne 
7 
eit 

§ 


el 


Hopkinsons’ valves and fittings 
have been supplied or are on order for: 


Calder Hall 
Dounreay 
Chapelcross 
Berkeley 
Hunterston 
Bradwell 
Hinkley Point 
Latina (Italy) 
Trawsfynydd 
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REMOTE HANDLING TOOLS ee @ @ @ e 


Ea Precision made for “‘ Security and Ease”’ in the manipulation 
of isotopes, Cee-Vee Tools will amaze you by their use 
value and cost economy. Facilities are available for the 
design of tools for specific operations. 






Write for details of our range — or let us know your special requirements 


f CARTER & VINER. press Toot ENGINEERS 





q> COODEN SEA ROAD - BEXHILL - SUSSEX - TELEPHONE: COODEN 143 
Export enquiries to:— C. Phillips fones & Co Ltd * Dorchester-on-Thames * Oxford 


Single Channel Remote Area Monitor 


Model GA Series. Available in the GA-3 series with 
2-point electronic calibration, in the GA-4 series with 
the same and with the aduition of ™ source cneck ” 
feature, and in the GA-S series with 2-point source 
(SR-90) calibration only. The GA series offers any 
continuous combination 3 decade logarithmic ranges 
from ‘Ol mr/hr to 100,000 R/hr. Energy dependence 
is flat to within plus or minus 10% from 80 KV to 
1:2 Mev 





RIGGS NUCLEONICS 
TS SS ES aaa 
new 


Alpha Floor Monitor 
advancements 


in 


Model FM-3G. Designed to enhance the surveying of 
floor surfaces of research, operation, or production 
areas where alpha-emitting radioactive materials are 
present. Its high sensitivity, large area probe searches 
out hidden alpha contamination not readily detectable 
with ordinary portable alpha survey instrumentation 
Eliminates delays involved in * smear or wipe ”’ tech- 
niques. Well balanced and self-contained. 2 pi geometry 
meter readout determines immediately the contamina- 
tion status of an area. 


NUCLEONICS 


from U. S. A. 





EBERLINE INSTRUMENT CORP. 


Coincidence Radiation Analyzer 





Model 704. Measurement of minute quantities of 
radioactive material is enhanced by coincidence analy 
sis. By counting only simultaneous pulses, background 
is virtually eliminated. Used with a wide selection of 
singic channel analyzers, linear amplitiers. It employs 
delay line compensation for transit time of single 
channel analyzers used in a coincidence experiment. 
Delay lines easily modified to suit transit time of the 
particular single channel analyzer in use. 


Frazar & Hansen Ltd., internationally known since 
1834, presents many leading U.S.A. manufactured ' 
nuclear instruments and components, including ~ 
monitors and detectors, radio-chemical analysis 

equipment, nuclear medical scanners, educational 

teaching aids and radiation shielding and protective 
equipment. Write for information.  —— 





FRAZAR & HANSEN Ltd., 301 Clay Street, San Francisco, Calif., U.S.A. 
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STAND No.6 


pressure vessel 
stress relieving 


installation 


planned, 


erected 


Reactor 


and supervised 


wv Gi 


ELECTRIC RESISTANCE FURNACE CoO., LTD. 


NETHERBY. QUEEN'S ROAD, WEYBRIOGE, SURREY Weybridge 3891 


R3054 


NUCLEAR POWER July 





1960 





Ow’ AT BERKELEY....-.:; 


Ze 
jceetl | x Pg 


a 


Efco heating equipment inside 






the world’s largest reactor pressure 


vessel ever to be stress relieved. 
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sYolicayele 


—always at hand 


The well known Pantak range of industrial X-ray equipment has nc 
been augmented to include the completely portable Balteau un ‘s 
manufactured by Usines Balteau of Liege. Backed by the unequall -d 
Pantak after-sales service, these units have been designed to give tie 
maximum number of KV per Ib. and are available in three sizes ‘o 
meet the varying needs of different industries. The Baltospot 140 his 
an X-ray head of 55 Ibs., the 200 has an X-ray head of 84 lbs. and the 
300 an X-ray head of 148 lbs. Each of these units can easily be moved 


by one man. 








REPETITIVE AIR BENDS guaranteed to same 
ACCURACY as obtained on Mechanical Press Brakes 


Other OUTSTANDING ADVANTAGES include : 


1. Long working stroke, with full pressure all the way if required. 

2. Variable length of stroke permitting a rapid repetition of operation 
using a short stroke cycle. 

3. Machine can be set for continuous or single-stroking operations. 

4. Machine can be reversed at any point in the working cycle. 

5. Facility to dwell at bottom of the stroke. 

6. Alternatively to stop permanently at the bottom of the stroke—and 
then be “ inched ” back. 

7. Complete safety from overload. 

8. Built-in stops ensure that beam is absolutely parallel at bottom of 


stroke. 
9. Made in capacities from 120 to 1,000 tons. Illustrated literature on 
regent. seeeterreverereereseressnenanrtnet sateen saeee 
: INTERNATIONAL MACHINE TOOL 
; exnITION OLYMPIA ~ STAND 107° 


Telephone: LYE 2307 & 2308 


INDUSTRIAL X-RAY EQUIPMEN | 


Please write for full details of Balteau and Pantak es up to 
500 KV. 





PANTAK LIMITED 


VALE ROAD - WINDSOR 
Telephone: WINDSOR 3225-6 


HYDRAULIC 
PRESS BRAKES 









BERKS 


* 
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BRONX ENGINEERING CO., LYE, WORCESTERSHIRE 
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MANCUNA-DUSTEX THE MOST EFFICIENT MINIATURE CYCLONE DUST COLLECTOR IN THE WORLD 


First — Bradwell Essex 





of 


NOW AT LATINA, ITALY 


In conjunction with Agip Nucleare and The Nuclear Power Plant Co. 


EFFICIENCY MINIATURE 
CYCLONES FOR GO2 BYPASS & DRIER FILTERS 


Specialists in Gas Cleaning and Dust Technology 


MANCUNA ENGINEERING LTD., DENTON, MANCHESTER. Tel. : Denton 3965 (5 lines) <> 





London Office: 59 VICTORIA ROAD, SURBITON, SURREY. Tel.: Elmbridge 9793 
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STEEL 
CASTINGS 


FOR INTERNAL PRESSURE WORK 


Turbine Casings, Steam Chests, Valves, 
etc., in carbon and alloy steels up to |5 tons 
weight and to any specification on 
ADMIRALTY, WAR OFFICE, LLOYD’S 
and other LISTS 


THE (GERD STEEL FOUNDRY 


& ENGINEERING CO. LTD. 


Atlas Steel Works: Armadale, West Lothian, Scotland 
Telegrams : ‘‘Atlas Armadale, West Lothian’’ 
Telephone: 323 Armadale 


weather 
for pipework 


Shocks and vibration give rise to high 
stresses in pipework, with possible 
subsequent damage to piping and 
associated equipment. Pipework on 
board ship subjected to vibration or 
in land installations exposed to high 
winds, is particularly prone to these 
hazards. 

Vokes Genspring Non-Resonant 
Sway Braces supply an efficient form 
of control on all such pipework. 
These Sway Braces have many 
unique features including an incor- 
porated energy-absorbing device, 
adjustability of initial restoring force, 
laminated cushioning material to 
reduce operational noise, and travel 
stops to prevent compression of 
springs to solid height. The eight 
different spring sizes cover loads 
from 39 lb. to 1,500 1b., with maxi- 
mum restraining force varying from 
100-2,250 lb. due to spring action. 
Please write for descriptive booklet. 
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Vokes Genspring 
Non-Resonant Sway Braces 


Sketches of suggested methods of application 


— eo ods 
45 bY Ay 


Vokes Genspring SUSPENSION SYSTEMS 


VOKES GENSPRING LTD - HENLEY PARK + GUILDFORD - SURREY 








Telephone: Guildford 62861. Telegrams: Vokesacess, Guildford. 
elex: 13-535, Vokesacess, Guildford. 
A member of the VOKES GROUP with world-wide representation VG 41 
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SERVICE DE RENSEIGNE- Nuclear Dower 

MENTS POUR NOS LECTEURS 

0 on denen tls os tie a, ao: READER INFORMATION SERVICE July 1960 
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Ft The remote 
o= handling and 


machining of radio-active 

_ materials calls for design and 
construction of equipment by engin- 
eers who haveasound background 
in special-purpose machinery 
and machine tool production. 
More important, they must 
have a detailed knowledge 
and appreciation of the 
problems peculiar to 

the Nuclear Industry. 


We have both the engineering 
skill and ‘‘know-how.”’ With the 
close collaboration of the United 
KingdomAtomicEnergy Authority, 
we have already designed and 
installed equipment at the Dounreay, 

Windscale and Springfields plants. 
The illustrations show the exterior and 
interior installation of a remotely con- 
trolled precision lathe for the machining 

of irradiated fuel elements at Dounreay. 
We shall be pleased to visit you at any time 
and you are cordially invited to our works 
where selected films and a most interesting 
range of activities can be seen. 


MARCYN WORKS, 
GOLDSMITH AVENUE, PORTSMOUTH 
Telephone: PORTSMOUTH 32233 
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PROBLEM SOLUTION 


Sequence pumping is occasionally required in 










a hand-operated pumping plant which, al- ; 
though intended to be used spasmodically, Type HCU Pumping Plant 
must also be guarded against failure of water By means of the two hand valves used in 


supply. Other pre-requisites are rough and fine 


¥ , conjunction with the baffle valve, sequence 
pumping ; isolation and air admittance. 


pumping may be obtained when using the 
Type HCU Pumping Plant which is 
equipped to give Rough Pumping and Fine 
Pumping, isolation or Air Admittance, and 





water relay to protect the Diffusion Pump 
against water supply failure. In general, the 


Rotary pumps, diffusion pumps, valves, 
combined units—these are but a few from ' 
the very full range of equipment now being vacuum chamber is not required for pro- 
produced for the High Vacuum industry duction sequence cycles, and where the 
by N.G.N.....our technical services are plant is not likely to be 
being increasingly used to assist and advise 
on problems of High Vacuum. Why not <f 
make use of them—NOW. without supervision. 


N.G.N. FOR HIGH VACUUM 


High Vacuum Specialists and Electrical Engineers 


HCU is more suitable where access to the 


left running overnight 


N.G.N. ELECTRICAL LIMITED 
Avenue Parade, Accrington, Lancs. 
Telephone: Accrington 35611-2 





* Up to 8 changeovers, 15 amp at 250V a.c. 

* Light duty twin contacts can be incorporated. 
¢ * P.T.F.E. insulators on moving parts. 

* 
















Designed to withstand severe shock and vibration. 


~ A "SS * Full tropical finish. 
| h / * Prototypes available in 24 hours. 
* Bulk deliveries commencing within 14 days, 
~ 
ee Manufacturers of the full range of 


Post Office Types 3000 and 600 relays, 


L. E. SIMMONDS LTD. 


BYRON ROAD, HARROW, MIDDX. TEL: HARROW 7797 PBX. 
TELEGRAPHIC ADDRESS: SIMRELAY, HARROW 
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MIAHR Ss HH A LL LL. 





@ PULSE HEIGHT ANALYSER, Type H.S. 100. 


A sophisticated instrument in the lower price range. Includes 
Scaler, Live Time Integrator and Print-Out. 


@ TWIN-CHANNEL PULSE GENERATORS, Types 
T.P.G. 100 and T.P.G. 102. 


@ MAGNETIC PULSE RECORDER, Type M.P.R. 103, 
Transistorised, Printed Circuit. 


@ SCALERS, | Mc/s and 10 Mc/s, Types S.200 and S.201, 
Transistorised, Printed Circuits. 





Enquiries to Sales Department 


MARSHALL OF CAMBRIDGE ELECTRONICS LIMITED 
THE AIRPORT - CAMBRIDGE - ENGLAND 


Specially selected for day-and-night 


duty at the Dounreay Works—U.K. 
co ay STA & T Experimental Reactor Establish- 
ment—Kidde’s pneumatic ‘rate of 
rise’ system ensures earliest possible 


warning of fire . . . in fire conditions 
the alarm is given in under seven 


seconds! 


Efficient, highly sensitive, this Kidde 
AGAIT bos heat-actuated fire detector, com- 
at 


prises a copper chamber, which 





the slightest rise in temperature 


undergoes a corresponding increase 
in air pressure. 


No false alarms though! The de- 


tector’s carefully calibrated vent 
“4 AT i O | 7 Sg compensates for normal pressure 
variations (i.e. weather and interior 
heating). In virtually all other U.K. 


Atomic Energy Centres, as at 

“A O ST D EAD LY Dounreay, Kidde fire protection 
equipment is safe-guarding life, 
vital apparatus and processes . . . 

AN D make sure your interests are well- 
protected. Walter Kidde are special- 

ists in inert gas extinguishing 


equipment employing carbon di- 
oxide, argon, nitrogen CF,BR, 


products of combustion, and have 


a range of over twelve different 
EN EM ' ES detectors, each specifically suited THE WALTER KIDDE CO. LTD., 
to meet a particular requirement. 


Northolt, Middlesex. Tel: VIKing 6611 
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POWER STATIONS 
OF THE NEW AGE 


The economy, safety and long life 
of Staveley Cast Iron Pipes need little 
more recommendation than their use 


under the trying technical conditions 





of Britain’s nuclear power stations. 


Pr 


Whether carrying water, wastes or SS sgeeee te 


gas, Staveley pipes have withstood the 
test of years and benefited from every 
forward step in cast iron metallurgy 


and manufacturing practice. 


Hinkley Point Power Station 


Rea reegevens 


Telephone: Chesterfield 725! THE STAVELEY IRON & CHEMICAL CO. LTD., NR. CHESTERFIELD. 





Jansen Brassfounding and finishing for the nuclear industry 


* Valves 
* Shut-offs 


° Non-return 
valves | 


Flow regulation and shut-off at 
the highest temperatures and 
pressures for all applications. 


Available with fully automatic 
control. 


A Th. Jansen S.A. — Rethel (Ardennes) 


Tel: 390-391 RETHEL, Cable address: JANSEN RETHEL 
Telex: JANSEN —RETHEL No NANCY 83070 
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Lead screening bricks made 
by Grey & Marten are equipped 
with viewing portholes and a 


revolving sphere for remote 49 
handling of radioactive 
sources. 








Versatile 
and 


. | Ask Grey & Marten Consistent 


Aerox Porous Ceramics, with out- 





standingly uniform pore density, serve 


about lead shielding industry in a thousand ways: 


As FILTERS for compressed air or 
(Their new subsidiary, James Girdler & Co., gas to eliminate solid particles and 


has all their skill and experience) va. ae pin a 


solids from liquors, etc., etc. 


As DIFFUSERS foreffluenttreatment ; 


gas absorption; flotation processes, 


lead. They’ve specialised in 
the manufacture of ail kinds of 


| ; ; 

| Grey & MARTEN are experts in 
‘ saa 

| iead castings, fabrications and 


etc., etc. 
fillings for more than a century. As DIAPHRAGMS for electrolytic 
| Interlocking Lead Bricks (in processes. 


| one, two and four-inch thick- 
nesses), Lead Sphere Units (in 
two and four-inch bricks), 
Aperture and Viewing Bricks, 
Lead Pots and Isotope Carriers 
are all produced under the 


As a POROUS BASE for fluidised 
discharging, conveying and fluid bed 


reaction processes. 





Can you suggest the 1001st? 


Storage pot typical. of | 
those used in standard 











Grey & Marten name. Now safes not already fitted with = = 
they have handed over this lead = pectection, affords 
economical storage for _ es 





activity to their new subsidiary, 
James Girdler & Co. Ltd. 


GR EY & MARTEN LTD Leaders in a specialised field 


radio-active material. 














Established 1833 CERAMIC WORKS, HILLINGTON 
‘ GLASGOW, SW2 
CITY LEAD WORKS, SOUTHWARK BRIDGE, S.E.I _AEROX LIMITED Telephone: HALFWAY 4615/6 


t Bi i i ENGINEERING WORKS, CHALFORD 
and at Birmingham, Manchester and Ipswich STROUD, GLOUCESTER 


SCOMBE 3085 
JAMES GIRDLER & co. LTD | Telephone: BRI 
Mansell Works, Mansell Road, London W.3 CHISWICK 5991 


wl 








960 NUCLEAR POWER july 1960 143 








Tick No 102 on reply card for further details 


CERTAIN SIZES IN 
STAINLESS STEEL FOR 
CORROSIVE MEDIA 


ve i Be 
ak Be 





FOR AIR, 
GAS,WATER 
OR STEAM 


beebhgAs5 49 as 






These valves are designed to give a 


PRESSURE REDUCING |\o) Bihapeseee 


with variations of upstream pressure, 


VALVES a maximum flow with a minimum 


working drop, and absence of pressure 





creep with no flow. 
7 - Sizes available are from 4" to 2° B.S.P. 
. : or A.P.I. 


WILLIAMS & JAMES encineers) LIMITED 


bs we GLOUCESTER * ENGLAND 
” ‘ TELEPHONE: GLOUCESTER 24021-2-3 | TELEGRAMS & CABLES “COMPRESSOR GLOUCESTER 











Ruggedly built, but still 
mobile, the Muller Macrotank H 
is specially developed for 








on-site radiographic examination 
in heavy industry, ship and 
bridge building, nuclear power 
and refinery construction — 
wherever complete and accurate 
weld examination is essential. 
The small focus (2.3 mm.) of 
the Macrotank H gives really 
sharp definition, with a 


for 


penetration of up to 23” of steel 
° with Pb screens in reasonable 
industry exposure time. It is low in cost, 
reliable in use, and backed by 
full service facilities which may 
be on contract if desired. We 
shall be glad to send you 

full details. 

The Macrotank H is a product 
of C. H. F. Muller, Hamburg. 





RESEARCH AND CONTROL INSTRUMENTS LIMITED 


Instrument House, 207, King’s Cross Road, London, W.C.1. TERminus 2877 
(RCLO4I6A4) 
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ag 
an Radiospares Ltd. 


‘GF 4-8 MAPLE STREET - LONDON * W.I * ENGLAND 





Telephone: EUSton 7232-9 


TELEGRAMS: RADOSPERES, WESDO, LONDON. 


MILNE 


olds 


balaSce 


CABLES: RADGS.i- RES, LONDON, 





MILNE ‘SENSITIVE’ REGULATORS 


accurate—designed in a _ wide 
variety of patterns to suit every 


ylene, propane, coal gas and 
hydrogen are employed. 


fitted to any regulator as required. 


MILNE BALANCE PRESSURE VALVES 


Designed for the job and made 
to last. Finger-tip control for 
high and low pressure. 


Send for full details 














C. S. MILNE & CO. LTD. 


Manufacturers of Gas Welding and Cutting Plant and Equipmert. 


St ists and Suppliers of Electric Arc and Resistance Welding 
Eguipment. 


Harley Works, Octavius Street, Deptford, London, S.E.8 
Telephone : Tideway 3852 (4 lines) 


Also at 172/174 West Regent Street, Glasgow, C.2. 


NUCLEAR POWER July 1960 
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purpose, where oxygen, air, acet- 7 


Hexagon or wing nuts can be 7 
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The Airhydropump portable and mobile units 


give Hydraulic Pressure where you want it 


















Several forms of Mobile cr Portable 
Units are available for producing 
Hydraulic Pressure in remote parts 





of ships under construction or 
extensive factories where it is impossible to bring the equipment 
to be tested to a static test point. The illustration shows a Standard 
Airhydropump mounted on a trolley complete with 5 gallon 
reservoir, control valves and gauges. 


The Portable Unit incorporating the Junior Airhydropump is fitted 
in a glass fibre case—total weight 40 lbs. The lid of the case is 
reversed to form a 5 gallon reservoir. The air supply can be obtained 
from a bottle if there is no air line available. 


Send for Brochure PORT 1/11 


CHARLES S. MADAN & CO. LIMITED 
VORTEX WORKS - ALTRINCHAM - CHESHIRE 


Tel: ALTRINCHAM 2702 Grams: VORTEX ALTRINCHAM (Telex) TELEX 66-106 4/8 ATLANTIC 
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the flow with 
the ‘Telicator’ 


Both low and high pressure systems can 
be fitted with a Telicator Visual Flow 
Indicator, which is a simple instrument 
for indicating the flow, whatever the 
viscosity. The rotors are specially de- 
signed by Dukes and Briggs to give the 
clearest indications over specific ranges 
of flow rate. Water supplies for cooling 
purposes and forced lubrication systems 
are two typical applications. A new 
model is under development for use with opaque fluids, and special 
designs can be made to meet specific requirements. 


When Cooling’s a Problem... 


Undoubtedly the answer to all air and hydrogen cooling problems 
is PREMIER. PREMIER closed circuit coolers are among the most 
highly efficient and economical in the world—installed in such 
important power stations as Meaford, Poole, Uskmouth, Hams Hall 
“C”, Darlington, Bold *“ B’’, Stockport and Johannesburg; and 
hydrogen coolers and heat exchangers in hand for Huntersion 
Atomic Power Station and many other overseas works and power 
stations, large and small. 
PREMIER design and erect the plants, guarantee the performance and 
give a 100 per cent. after-sales service. Certainly, the scientifically 
Note these featu res engineered construction, high efficiency and economy of PREMIER 
closed circuit air coolers are the reasons why they are acclaimed by 


| engineers everywhere. 





®@ Simple design ensures complete reliability. 
@ Extreme sensitivity at all pressures. If you have an air or hydrogen cooling 
@ Units readily adaptable to existing installations. problem, write to us—our advice is yours 
@ May be mounted in any plane. for the asking. 

® Comparative flow gauged by speed of revolving rotor. 
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WE do the designing ourselves. 
WE manufacture our own plants. 
WE erect the plants ourselves. 


WANN SS 


oh) 
. 
va 
vi 
Ma 
¥, 
a 
i/ 


v 
pa 





WN 
A 


v 
f\ 


* 9 | 
Ss WE guarantee the performance. 
| 
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REGD | 

SIR W. H. BAILEY & COMPANY - LIMITED = R E Ni i & i Se cele 
PATRICROFT - MANCHESTER - ENGLAND COOLING TOWERS 
Phone: Eccles 3487-8-9 Grams: Beacon. Telex, Eccles THE PREMIER COOLER & ENGINEERING CO. LTD. 


LONDON OFFICE: SELINAS LANE, DAGENHAM ESSEX PHONE: DOMINION 2277/8/9 | Dept. 14, SHALFORD, NR. GUILDFORD, SURREY 
TGA TRI 
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Fairleede “4 





Fabricators in mild steel, standard steel and alloys of medium 
Ho and heavy equipment up to 40 tons weight to Lloyds Class Il 
standards. 


|" Fully machined Assemblies, stress relieved and X-Rayed with 
physical tests. 


Suppliers of Plant to the U.K.A.E.A., Chemical, Oil, Paper 
I Making, Steel Making and Allied Industries. 


Fairleede Engineering Ltd. 


Chatteris, Cambs 
Tel: Chatteris 3133-4 


LONDON WORKS, WALWORTH, S.E.17. TEL. RODNEY 2338-9 








ails = 
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TEST SIEVE SHAKER 


DAVENPORT for 


ENGINEERING CO., LIMITED accurate 


BRADFORD 





particle size 
analysis 


Accurate and consistent results are the features 
required of a test sieve shaker for the sieve 
analysis of the particle size range of material. 
Simply vibrating or shaking test sieves by 

hand is not good enough for the standard of 
accuracy required these days. Vibration alone 
tends to aggregate rather than to segregate 
particles and shaking test sieves by hand 

is not only tedious but inevitably 

produces inaccurate results. 


lems 
most 
such 
Hall 
and 
rston 


ower 


- and 
ically 
sMIER 
-d by 


The Inclyno Test Sieve Shaker incorporates 
a double movement that jolts and 
spreads the test material ensuring perfect 
segregation of the various particle sizes 
and presenting the maximum number of 
apertures for undersize particles to 

fall through each sieve. Three models 
available for all sizes of standard test 
sieves and supplied complete with motor 
and inbuilt automatic time switch 
covering test periods up to 60 minutes. 


WATER COOLING Ite ® 4, fe) 
SPECIALISTS cori | THE PASCALL ENGINEERING CO LTD 


List IN 3207 GATWICK ROAD +: CRAWLEY - SUSSEX 
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DISPLAY ANNOUNCEMENT RATES:— 1 insertion 50 - per single col, inch 
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SITUATIONS VACANT 








| ENGINEERS AND PHYSICISTS 


required by the United Kingdom Atomic Er 


( ONSULTING ENGINEERS Authority to work in the Commercial and Over 
P ‘ e ° . . Relations Department of the Industrial P< 
have vacancies in their main London Office for a number of | Branch at Risley, Warrington, Lancashire 
. oy 4 wT : ; : ~. - duties are concerned with the control and re'c 
> Tal x > y 2 J y 
highly qualified young Technical Engineers for work on of technological data to governmental and indust 
Nuclear Power Station Projects. Applicants must have a first organisations in the United Kingdom and overs 
; : , P | under the terms of a large number of collaborat 
or second class honours degree in engineering, together with agreements. These agreements cover a wide var 
4 Ly . P a oa of fields connected with the nuclear industry, s 
practical training and experience in the mechanical, electrical as reactor systems, nuclear chemical plant 


. ‘ p 7 ‘ ws . adioac > laborato “sig 
or chemical engineering industries. The posts advertised are amanregnnttaarenipntadinncnan 


Sound industrial or commercial experience toget! 


for advanced technical work on specific projects, but Wi CHEETENS SHEN of & setter sretea'e 

. a coe io institution or an honours degree in enginecring « 

successful applicants will have ample opportunities to widen science with good post-graduate research or ind 
trial experience are essential. A wide interest 


7 2 is essential and the officers appointed will be 
station field. 

pected to give clear technical advice based 
fully assimilated Authority experience. Fluency 
one or more foreign languages would he 


Applications stating age, qualifications and experience quoting a 
acve are 
Ref. PJF to Starting salary will be assessed according tw qual 


fications and experience, on the scale £1370 


Kennedy & Donkin, £1825, 


Contributory superannuation. Staff housing schem« 


12 Caxton Street. Send postcard for application form, quoting refer 


ence 296/328, to Recruitment Officer, Developme 


London S.W.1 and Engineering Group Headquarters. at abi 
>» & VV. 


address 


| 
| their knowledge of general engineering practice in the power the technological fields covered by the Author 
| 
| 


Closing Date: 18th July, 1960 




















R COLLEGE, GREENWICH, LONDON, S.E.10 | 


Z 


MULLARD EQUIPMENT 





EXPERIMENTAL OFFICER ee 
Pensionable post for PHYSICIST (man or woman) experienced in REACTOR LIMITED 
or NUCLEAR PHYSICS and INSTRUMENT TECHNIQUES, Duties involve 51-55 Garratt Lane. 
the setting up of experiments, their conduct and detailed design. Age: at least 5 ail SW.18 
26 and normally under 31 on 31.12.60, Qualifications normally required: degree ondon, 3.W. 
or technical qualification (N.H.C.) in appropriate subject. Final year students are seeking a 
may apply now. Salary scale (men, London) £1,005—£1,233. Starting pay may eee: 
be above minimum. Write Civil Service Commission, 17 North Audley Street, SALES ENGINEER 
London, W.1, for application form quoting §/94-95/60/ADY,. Early application 


to join the project group associated with 
Nucleonic Equipment. The function of 
this appointment will include direct deal- 
ing with customers, contact with various 
sales organisations, and liaison’ with 


| SALES ENGINEERS REQUIRED government departments and the Com- 
| 


| is advised. 








pany’s own development groups. 


by a leading company manufacturing high precision Components, Essential requirements are previous sales 
Mechanisms and Machines, with Technical Design, Research, and experience in this sphere, together with a 
Development Departments. sound appreciation of the manufacturing 


; : , problems involved. 
Candidates, preferably 30-35, should possess Honours Degree in 
Mechanics and/or Electronics with a proved ability to negotiate at all 
levels and be conversant with the development of new equipment and 
techniques. 


A degree, preferably in Physics, would 
be desirable. 

The appointment will be based in Central 
London until a date in 1961, and there- | 
after in Crawley, Sussex. Please write for 
‘ , . ; : , i application form, quoting SE/4 to the 
Commencing Salary £1750 in a progressive and interesting career. Personnel Officer, 51-55 Garratt Lane. 


| Full experience to Director, Box No. NP207. London, S.W.18. 


Car. Non-contributory Life Insurance and Superannuation. 
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X-RADIOGRAPHY 
of welds and castings offered up to 1)” 
thickness, also high vacuum test facilities 
IMMEDIATE SERVI. 


THOS. RYDER & CO. MANCHESTER 
LTD., 


COMMERCIAL STREET WORKS, 
KNOTT MILL, MANCHESTER 15 
Central 6753 











Higher Tensile Steel Chain Slings and 
special Lifting Appliances of every 
description D.G.I. approved 
T. SMITH & CLARKE LTD., 

Chain Manufacturers, 
Port Tennant, Swansea 
Telephone No. 53106 (4 lines) 











ART ENGRAVERS CO. LTD. 
+ 
Instrument Panels, Graduated Dials, 
Plastic Signs, Nameplates, _ etc. 
** Pantograph House”, Southsea Road, 
Kingston-upon-Thames, Surrey 
KINgston 1638 














ALUMINIUM DESIGN 
and fabrication service available 
for all types welded and other light 
alloy structures and components 

ALPHAMIN LTD. 
+ Dunston Street, Kingsland Road, 
London, E.8. Tel.: CLIssold 4161 








SHEET METAL WORK 
All Materials : Skilled Work 
MABBOTT & CO. LTD. 
EST. 1901 
SHEET METAL DIVISION 


Phoenix Works, Poland Street, 
Manchester, 4. _Collyhurst 1773 











PRACTITIONERS IN THE ART OF 
SCALE MODELS AND PATTERNS 
All types of scale models. 
Quality — Delivery — Service 
Contractors to the U.K.A.E.A. 


2 
MASTERMODELS LTD. 
Greenhill Crescent, Harrow, Middx. 
Telephone: HARrow 2428 








NON-DESTRUCTIVE TESTING 
LABORATORIES 
Vacuum, X-Ray, Gamma-Ray and_ other 
forms of Non-Destructive Testing. 


a 
INDUSTRIAL RADIOGRAPHY 
(N.D.T.) LTD., 
Managing Director: Paul Fox 
360 Cricket Inn Road, Sheffield, 2 
Telephone :—Sheffield 26630 








PRATCHITT BROTHERS LTD., 
Denton Iron Works, Carlisle, 
having well equipped engineering shops 
ind iron foundry, invite enquiries for 
general engineering, structural and plate- 
work, from firms wishing to have plans 
made to their own designs and specifications 


Tel: Carlisle 24205 











CARROL & DENFIELD 
Consulting Industrial Chemists 
61 LANCASTER AVENUE HOUSE 
Fennel Street, MANCHESTER 4 
Tel: BLAckfriars 1300 








PERSPECTIVE AND SECTION 
RAWING 

In colour, line and monochrome 

Complete technical booklets undertaken 


HILTON AND KAY LIMITED 
4 Water Street, Manchester 3 
‘phone Blackfriars 0402. Est. 30 years 
High quality Low costs 














Designers and Manufacturers of Mechanical 
Engineering Equipment for Research Labora- 
tories with special reference to the fields 
of Fluid Mechanics and Thermodynamics 


* 
PLINT & PARTNERS LTD. 
Blakes Road, Wargrave, Berks 
Telephone: Wargrave 407 


Oblique Aerial Photographers for 
over 25 years 


AERO PICTORIAL LTD. 
REDHILL AERODROME, SURREY 
Nutfield Ridge 3282 
Contractors to C.E.G.B. 





C. W. GARRETT & SON LTD., 


for 
ALL DRAWING OFFICE SERVICES, 
PROCESSES, MATERIALS AND 
EQUIPMENT 


” 
WINDMILL ROAD, BRENTFORD 
MIDDLESEX 
Telephone : ISLeworth 4433 (4 lines) 














CAPACITY AVAILABLE on Centre Lathes, 
| Capstan Lathes, Shaping, Drilling, Milling, 

Cutter Grinding, Cylindrical Grinding. 

Internal Grinding, Boring, Profile Cutting, 

Welding and Fabricating. 

Complete Units and Assembly Undertaken 

All enquiries welcomed. 
A.E.W. ENGINEERING CO., LTD. 

| 399 Dereham Road, Costessey, Norwich 
Tel.: Costessey 243 





Capacity available for the manufacture of 
Fabrications—Assemblies—Components etc. 
ADDY PRODUCTS LTD. 
SOUTHAMPTON 
lelephone: Southampton 73156/7 


Precision Engineers and Metal Finishers 
A.1.D. and A.R.B. approved 
Contractors to Atomic Energy Authority 


SPECIALISTS IN 
STAINLESS STEEL FABRICATION 


e 
E. HARDING & SONS LTD. 
Plate and sheet metal workers 
Established 1884 


456 Ashton New Road, Manchester, 11 
Telephone: Manchester EAST 0215 

















| FILMDEX LTD. 
| MICRO-PHOTOGRAPHERS 
| Books—Plans—Documents 


17 BOSTON MANOR ROAD, 
BRENTFORD, MIDDLESEX 
} Tel.: ISLeworth 7800 











MANCUNA ENGINEERING 
LTD 
DENTON, MANCHESTER 
SPECIALISTS IN GAS CLEANING 
AND DUST TECHNOLOGY 

District Office: 

59 Victoria Road, Surbiton, Surrey 

Tel: ELMbridge 9793 


ALL LIGHTNING CONDUCTOR 
WORK CARRIED OUT 
Steel Chimney Stacks 
Supplied and Erected 
Guaranteed First Class Workmanship 


J. CLOVER, Steeplejack 


399 Chester Road, Sutton Coldfield, 
Warwickshire Tel: ERDington 1434 














R. & J. PARK LTD 
Dominion Works, Chiswick 
England 


. 

Export packers, shippers and for- 

warding agents. Specialists in 
packing heavy machinery 








SHOT BLASTING AND 
METAL ‘SPRAYING SERVICE 
on site if required 
* 

H. G. SOMMERFIELD LTD. 
8 Camden Road, London, N.W.1 
Tel: GULliver 3443 





F you have a fire risk or if you are 

doubtful of the efficiency of your appli- 
ances, we should be glad to send a techni- 
cal representative to advise you. Service 
inspections given throughout the British 
Isles—write/ "phone. 


L. & G. FIRE APPLIANCE CO. 
LTD 


Caxton Street North, London, E.16 
Tel.: ALBert Dock 3991 (4 lines) 














METRO ENGINEERING 
& PLATING WORKS LTD. 
A.I.D. approved 
| Specialists in the Deposition of Metals 


+ 
Parkfield Works, Long Lane, 
Hillingdon, Middlesex 
Telephone: UXBRIDGE 4099 
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TECHNICAL TRANSLATIONS 
by a team of graduate experts, 
covering many technical fields and 
languages 
P. SUCHODOLSKI, F.L.L.(Eng.), 
70 Greenfield Gardens, London, N.W.2 
Telephone: MEAdway 2239 











PRECISION ENGRAVING of Instrument 
Panels, Dials, Scales, Nameplates, Labels, 
etc, Plastic Components, ‘‘Perspex’’, fabri- 
cations. Stockists of ‘‘ Perspex"’, Acetate, 
Traffolyte, etc. Speedy deliveries on long or 
short runs. A.R.B. and A.I.D. approved. 


LEICESTER ENGRAVERS (PLASTICS), 
LTD. 


60 Edwyn Street, Leicester. Phone 58375 



























Tick No 112 on reply card for further details 





STAINLESS TUBES & FLANGES 


We offer in approved grades of Stainless Steel 





FLANGES MACHINED TO B.S. TABLES OR TO SPECIAL SIZES 
SOLID DRAWN TUBES—FABRICATED PIPES 

ROUND and HEXAGON BAR 

PROFILES CUT TO ANY THICKNESS OR SIZE 

CASTINGS TO CUSTOMERS SPECIFICATION 


Keen Prices — Prompt Delivery 


Send enquiries to Dept. N.P. 


STAINLESS STEEL PROFILE CUTTERS LTD. 
Farfac Works, Kings Grove, MAIDENHEAD. 


*phone 1522/23. 








ADVERTISERS 


Accles & Pollock Ltd 

Aerox Ltd “3 

Albright & Wilson (Mfg.) Ltd. 9 

Atlas Steel Foundry & Eng. Co. Ltd., 
The 138 


Babcock & Wilcox Ltd. WW 

Bailey & Co. Ltd., Sir W. H 146 

Birmetals Ltd 40 

Boving & Co. Ltd. 

British Acheson Electrodes Ltd 

British Ermeto Corp. Ltd. 

British Industrial Eng. Co. Ltd 

British Paints Ltd 

Bristol Siddeley Engines Ltd 

Bristol Siddeley Engines Ltd. (Beaver 
Ball Div.) 

Bronx Eng. Co. Ltd., The 

Burgess Products Co. Ltd 

Burndept Ltd. 

Butterfield Ltd.. W. P 

Butters Bros. & Co. Ltd 


Carter & Viner 

Cashmore Ltd., John 

Clay Cross (Iron & Foundries) Ltd 
Cox & Danks Ltd 


Davenport Engineering Co. Ltd 
De Havilland Propellers Ltd 
Dewrance & Co., Ltd. 

Donkin Co. Ltd., The Bryan 


Ekco Electronics Ltd. 

Electric Resistance Furnace Co. Ltd 
Electronic Associates Ltd 

English Electric Co. Ltd., The 
Ericsson Telephones Ltd. 

Evans and Son (Portsmouth) J 


Fairleede Engineering Ltd 
Fielden Electronics Ltd. 
Fielding & Platt Ltd. 

Firth & John Brown Ltd., Thos 


IN T 


Foster Wheeler Ltd. 132 
Frazer & Hansen Ltd. 134 


General Electric Co. Ltd., The 
Grey & Marten Ltd. 


Harvey & Co. (London) Ltd., G. A. 
Holland Eng. Co. Ltd., The B. A 
Hopkinsons Ltd. 

Howden & Co. Ltd., James 

Hunt Heat Transfer Equipment 


L.C.l. Led 

Imhof Ltd., Alfred 

imperial Aluminium Co. Ltd 
Industries Atomiques 
International Combustion 


Th. Jansen S.A. 
Joy-Sullivan Ltd. 


Kennedy & Co. Ltd., Allan 
Kidde Co. Ltd., The Walter 


Lake & Elliot Ltd 

Lionweld Ltd. 

Lockheed Precision Products Ltd 
Lyons Ltd., Claude 


Madan & Co. Ltd., Charles S. 

Magnetic Valve Co. Ltd., The 

Mancuna Engineering Ltd. 

Manganese Bronze & Brass Co. Ltd., 
The 

Marshalls of Cambridge Electronics 
Ltd 

Marston Excelsior Ltd. 

Milne & Co. Ltd., C. S. 

Mollart Eng. Co. Ltd. 

Morris Ltd., B. O. 

Morris Ltd.. Herbert 

Mullard Ltd. 

Murex Welding Processes Ltd 


Newalls Insulation Co. Ltd. 
N.G.N. Electrical Ltd. 


HIS 


ISSUE 


Nuclear Equipment Ltd. 
Nu-Swift Ltd. 


Pantak Ltd. 

Pascall Engineering Co. Ltd 
Plannair Ltd. 

Premier Cooler Co. Ltd. 
Pyrotenax Ltd. 


Ransome & Marles Bearing Co. Ltd. 55 
Research & Control Instruments Ltd. 5, 144 
Richardsons Westgarth & Co. Ltd. 22 
Rio Tinto Management Services 

(U.K.) Ltd. 2 
Robertson & Ferguson Ltd. 49 
Rotax Ltd. 12 


Shell Mex & B.P. Ltd. 36, 37 
Siebe, Gorman & Co. Ltd. 130 
Simmonds Ltd., L. E. 140 
Skinningrove tron Co. Ltd. 120 
Solartron Electronic Group Ltd., The 152 
Stainless Steel Profile Cutters Ltd. 150 
Staveley Iron and Chemical Co. Ltd., 
The 142 
Stewarts & Lloyds Ltd. 51 


Taylor Rustless Fittings Co. Ltd., The 131 

Taylor Woodrow Construction Ltd. 111 

Texas Instruments Ltd. 115 

Texas Instruments Inc. (Metals & 
Controls Div.) 

Thornton Ltd., B 

Tilghmans Ltd. 


Union Carbide Ltd 

Unistrut Division of Sankey-Sheldon 
Ltd. 

Universal Boilers & Eng. Co. Ltd. 


Vokes Ltd. 
Vokes Genspring Ltd 


Wakefield-Dick Industrial Oils Ltd 
Walker & Co. Ltd., James 
Wandleside Cable Works Ltd. 
Williams & James (Engineers) Ltd. 


% Please send for our com- 
prehensive leaflet, which 
gives technical data and 
details of applications 
quoting ref. NP2 


HUNT HEAT TRANSFER EQUIPMENT 


HUNT HEAT EXCHANGERS LTD. 
MIDDLETON MANCHESTER 


Tick No 113 on reply card for further details 


London Office: Temple Chambers, Temple Avenue, E.C.4. 
Telephone: Ludgate Circus 7796/7 
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HOWDEN 


Specialists i in rhe design 


and manufac fure of 


equipment for 
MOVING OR COMPRESSING 


AIR AND GASES 


TRANSFERRING HEAT FROM 
ONE FLUID TO ANOTHER 


CLEANING AIR AND GASES 


JAMES HOWDEN AND COMPANY LTD 


195 SCOTLAND STREET, GLASGOW, C.5, and 
15 GROSVENOR PLACE, LONDON, S.W.| 


Tick No 206 on reply card for further details 





Tick No 207 on reply card for further details 
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Space ‘30 Analogue Computer 


foremost in flexibility 


Space ‘30’ represents a significant 
advance in analogue computer design, 
combining high accuracy with a high 
work load factor, plus comprehensive 
control and programming facilities 
in a single unit of outstanding 


operational flexibility. 


Design optimisation has resulted in a 
computer with problem handling 
capacity equivalent to the usual 40 
Amplifier or larger machine. A cen- 
tral, detachable problem board, digital 


Write today for full details 


The Solartron Electronic Group Ltd. 


Spue ‘30° normally incorporates: 30 Operational Amplifiers (20 sum| 
integrators, 10 summers); 4 Relay Amplifiers; > High-Speed Servo 
Multipliers|Function Generators; 4 Diode Bridges; 60 Coefficient 
Potentiometers; Central Control Panel; Automatic Timer| Rep 
Switch; Digital Voltmeter; Reference Supply; Patch Panel; Stabilised 
Power Supplies; ete. 





voltmeter programming and other 
special control features which provide 
full problem-check facilities, auto- 
matic decade scaling, double com- 
putation and allowance for external 
control are incorporated. 


Space ‘30’ is particularly useful as a 
research or training simulator, especi- 
ally in nuclear reactor and automatic 
control systems work, or wherever 
large dynamic range capabilities arc 
required. 


Optimised Design—Maximum 
Capacity for Minimum Outlay 


Central Patching and Programming 
by Digital Voltmeter 


High Accuracy Components, Lineat 
and Non-Linear Units 


‘Plug-in’ Expansion Facilities 


Maximum Ease of Operation and 
Accessibility with Aesthetic Appeal 


Thames Ditton Surrey 


rey at 








